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HEAD UNIT CONTROL DEVICE, HEAD
UNIT, AND LIQUID EJECTION DEVICE

The present application 1s based on, and claims priority
from JP Application Serial Number 2019-235447, filed Dec.
26, 2019, the disclosure of which 1s hereby incorporated by

reference herein 1n its entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to a head unit control
device, a head unit, and a liquid ejection device.

2. Related Art

JP-A-2016-049691 discloses a liquid ejection device such
as an 1nk jet printer that ejects a liquid such as ink from each
of a plurality of ejection portions included 1n a head unit to
form an 1mage on a medium, and has a determination section
that executes a determination process for determining an
¢jection state of the ik from each ejection portion. In this
type of liquid e¢jection device, for example, whenever a
determination process for one e¢jection portion among a
plurality of ejection portions 1s finished, a determination
portion outputs determination information indicating a
determination result for the ejection portion to a control
portion controlling a head unit and the like.

Meanwhile, 1n a case where a transmission process of
transmitting determination imnformation corresponding to an
ejection portion 1s executed whenever a determination pro-
cess for one of a plurality of gjection portions 1s finished,
there 1s concern that the time required for the transmission
process may increase as the number of ejection portions
1ncreases.

SUMMARY

In order to solve the above problem, according to an
aspect of the present disclosure, there 1s provided a head unit
control device controlling a head unit including a plurality of
ejection portions that includes a first ejection portion and a
second ejection portion and a determination portion that
determines a liquid ejection state of the first ejection portion
and determines a liquid ejection state of the second ejection
portion, the head unit control device including a reception
portion that receives, as one data set, determination result
information including first determination mnformation indi-
cating a determination result of the liquid ejection state of
the first ejection portion from the determination portion and
second determination information indicating a determina-
tion result of the liquid ejection state of the second ejection
portion from the determination portion, and ejection portion
information including information indicating the number of
the plurality of ejection portions included 1n the head unait,
from the head unit; and an ejection control portion that
controls the plurality of ejection portions based on the one
data set received by the reception portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating an example of a
configuration of an ink jet printer including a control unit
according to an embodiment of the present disclosure.

FIG. 2 1s a perspective view illustrating an example of a
schematic internal structure of the ink jet printer.
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2

FIG. 3 1s a plan view illustrating an example of the
arrangement ol nozzles 1n the head module.

FIG. 4 15 an explanatory diagram for describing a normal
printing process.

FIG. § 1s an explanatory diagram for describing a comple-
mentary printing process.

FIG. 6 1s an explanatory diagram for describing transmis-
sion of determination information.

FIG. 7 1s a diagram 1illustrating an example of a data set
including the determination information.

FIG. 8 15 a block diagram 1llustrating a configuration of a
head unait.

FIG. 9 1s a block diagram 1llustrating configurations of a
coupling state designation circuit and a transmission/recep-
tion circuit.

FIG. 10 1s a timing chart illustrating an example of the
operation of the ink jet printer.

FIG. 11 1s an explanatory diagram for describing genera-
tion of a coupling state designation signal in a designation
signal generation portion.

FIG. 12 1s a diagram 1illustrating an example of a circuit
configuration of a coupling state designation circuit.

FIG. 13 1s a diagram 1llustrating an example of a circuit
configuration of a transmission/reception circuit.

FIG. 14 1s a block diagram 1llustrating a configuration of
a transmission/reception circuit according to Modification
Example 2.

FIG. 15 1s an explanatory diagram for describing an
example of determination imnformation according to Modi-
fication Example 3.

FIG. 16 1s an explanatory diagram for describing another
example of determination imformation according to Modi-
fication Example 3.

FIG. 17 1s an explanatory diagram for describing an
arrangement of nozzles according to Modification Example
4.

FIG. 18 1s a block diagram illustrating an example of a
configuration of an ink jet printer according to Modification
Example 5.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Heremaiter, embodiments of the present disclosure waill
be described with reference to the drawings. However, in
cach drawing, the size and scale of each constituent are
appropriately different from the actual ones. The embodi-
ment described below 1s a preferred specific example of the
present disclosure, so that various techmically preferable
limitations are attached thereto, but the scope of the present
disclosure 1s not limited to these forms unless it 1s particu-
larly stated that the present disclosure 1s limited 1n the
following description.

1. EMBODIMENT

First, a configuration of an ink jet printer 1 according to
the present embodiment will be described with reference to
FIGS. 1 and 2.

FIG. 1 1s a block diagram illustrating an example of a
configuration of the 1k jet printer 1 including a control unit
2 according to an embodiment of the present disclosure. In
the present embodiment, a liquid ejection device will be
described by exemplilying the ink jet printer 1 that ejects ink
to form an 1mage on recording paper P. In the present
embodiment, the control unit 2 1s an example of a “head unit




US 11,465,413 B2

3

control device”, the 1nk 1s an example of a “liqud”, and the
recording paper P 1s an example of a “medium”™.

Printing data IMG indicating an 1mage to be formed on
the recording paper P by the ink jet printer 1 1s supplied to
the 1nk jet printer 1 from a host computer such as a personal
computer or a digital camera. For example, the ink jet printer
1 executes a printing process of forming an 1mage indicated
by the printing data IMG supplied from the host computer on
the recording paper P. The printing data IMG 1s an example
of “1mage information”. The ink jet printer 1 may have any
one ol a copy lunction, a scanner function, a facsimile
transmission function, and a facsimile reception function in
addition to the printing function. In other words, the ink jet
printer 1 may correspond to a so-called “multifunction
peripheral”.

In the example illustrated 1n FIG. 1, the ink jet printer 1
includes a control unit 2, a head module 3 including head
units HU1, HU2, HU3, and HU4, a drive signal generation
unit 4, a storage unit 5, a maintenance unit 6, and a transport

unit 7. Hereinatfter, the head vnits HU1, HU2, HU3, and
HU4 will be referred to as a head unit HU when the head
units are not required to be differentiated from each other in
sOme cases.

In the present embodiment, as 1llustrated 1n FIG. 1, a case
where the head module 3 includes four head units HU 1s
assumed as an example. Heremnafter, among the four head
units HU, the head unit HU1 will be described, but the
description also applies to the other head units HU. For
example, as 1llustrated 1n FIG. 1, the head unit HU1 includes
a switching circuit 30, a recording head HD including a
plurality of e¢jection portions D that eject ink, a determina-
tion circuit 32, and a transmission/reception circuit 34.
Although functional blocks of the other head units HU are
not illustrated, each of the head unmits HU2, HU3, and HU4
also includes the switching circuit 30, the recording head
HD, the determination circuit 32, and the transmission/
reception circuit 34, in the same manner as the head unit
HU1. Details of the switching circuit 30, the recording head
HD, the determination circuit 32, and the transmission/
reception circuit 34 will be described later.

The control unit 2 1s, for example, a computer such as a
central processing unit (CPU) that controls each constituent
of the ink jet printer 1. The control unit 2 may have one or
more processors. For example, the control unit 2 functions
as a printing control portion 22 and an information reception
portion 24 by executing a control program stored in the
storage unit 3. All or some of the elements realized by the
control unit 2 executing the control program may be realized
by hardware such as an electronic circuit including a field
programmable gate array (FPGA) or an application specific
integrated circuit (ASIC). Alternatively, all or some of the
functions of the control unit 2 may be realized by software
and hardware 1n cooperation.

The printing control portion 22 generates signals for
controlling an operation of each constituent of the ink jet
printer 1, such as a printing signal SI and a waveform
designation signal dCOM. Here, the waveform designation
signal dCOM 1s a digital signal for defimng a wavetorm of
an analog drive signal COM {for driving the ejection portion
D. For example, the wavelorm designation signal dCOM 1s
supplied from the printing control portion 22 to the drive
signal generation unit 4. The printing signal SI 1s a digital
signal for designating the type of operation of the ejection
portion D. Specifically, the printing signal SI 1s a signal for
designating the type of operation of the ejection portion D by
designating whether or not the drive signal COM 1s supplied
to the ejection portion D. The printing signal SI defines an
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¢jection amount of 1k ejected from each ejection portion D
by designating whether or not the drnive signal COM 1s
supplied to the ejection portion D.

The information reception portion 24 receives, for
example, the data set DS transmitted from the head unit HU
to the control unit 2. The data set DS received by the
information reception portion 24 may be supplied to, for
example, the printing control portion 22 or the like, or may
be stored in the storage unit 5. The data set DS will be
described later. The printing control portion 22 1s an
example of an *“‘ejection control portion”, and the informa-
tion reception portion 24 1s an example of a “‘reception
portion”.

The drive signal generation unit 4 includes a DA conver-
sion circuit and generates the drive signal COM having a
wavelform defined by the waveform designation signal
dCOM. In the present embodiment, 1t 1s assumed that the
drive signal COM 1ncludes a drive signal COMa and a drive
signal COMb.

The storage unit 5 1s configured to include a volatile
memory such as a random access memory (RAM), and a
nonvolatile memory such as a read only memory (ROM), an
clectrically erasable programmable read-only memory (EE-
PROM), or a programmable ROM (PROM). For example,
the storage unit 5 stores various kinds of information such as
the printing data IMG supplied from the host computer and
the control program for the ink jet printer 1.

When an ejection state of ink 1n the ejection portion D
becomes abnormal, the maintenance unit 6 performs a
maintenance process for recovering the ejection state of the
ink 1n the ejection portion D to a normal state. The ejection
state 1ncludes a state in which 1nk 1s not ¢jected from the
¢jection portion D. The egjection state of the ink in the
ejection portion D 1s determined by the determination circuit
32 which will be described later. In the following descrip-
tion, the ejection of 1k ejected from the ejection portion D
becomes abnormal, that 1s, a state 1n which the ejection
portion D cannot eject the 1nk accurately may be referred to
as abnormal ejection. For example, the abnormal ejection
includes a state 1n which ink cannot be ejected from the
ejection portion D, a state in which the ejection portion D
ejects mk in an amount that 1s different from an ejection
amount of ink defined by the drive signal COM, and a state
in which the ejection portion D ejects ink at a speed that 1s
different from an ink ejection speed defined by the drive
signal COM.

The transport unit 7 has a carriage transport mechanism
71 reciprocating a carriage 120 illustrated m FIG. 2
described later, and a medium transport mechanism 72
transporting the recording paper P, and changes a relative
position of the recording paper P with respect to the head
module 3. An operation and the like of the transport unit 7
will be described with reference to FIG. 2.

As described above, each head unit HU included 1n the
head module 3 has the switching circuit 30, the recording
head HD, the determination circuit 32, and the transmission/
reception circuit 34. The recording head HD includes 2xM
¢jection portions D. Here, the value M 1s “M 17, M being a
natural number. In the following description, “2xM” may be
simply referred to as “2M”. In the following description,
among the 2M ejection portions D provided 1n the recording
head HD, the 1-th ¢jection portion D may be referred to as
an ejection portion D[1]. Here, the variable 11s “1=1=2M”, M
being a natural number. In the following description, when
a constituent element of or a signal for the ik jet printer 1
corresponds to the ejection portion D[1] among the 2M
ejection portions D, the reference numeral for representing
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the constituent element or the signal may be added with the
subscript [1]. The 2M ejection portions D are examples of “a
plurality of ¢jection portions”. One of two ¢jection portions
D among the 2M ejection portions D 1s an example of a “first
ejection portion”, and the other of the two ejection portions
D 1s an example of a “second ejection portion”.

The switching circuit 30 switches whether or not to
supply the drive signal COM output from the drive signal
generation unit 4 to the ejection portion DJ[1] based on the
printing signal SI. In the following description, among the
drive signals COM, the drive signal COM supplied to the
ejection portion D[1] may be referred to as a supply drive
signal Vin[1]. The switching circuit 30 switches whether or
not to supply a detection signal Vout|1] indicating a potential
ol an upper electrode Zu[1] of a piezoelectric element PZ[1]
included 1n the ejection portion DJ1] to the determination
circuit 32 based on the printing signal SI. The piezoelectric
clement PZ[1] and the upper eclectrode Zu[1] will be
described later with reference to FIG. 8.

The determination circuit 32 generates determination
information STT1[{] indicating a determination result of the
ink ejection state in the ejection portion DJ[1] based on the
detection signal Vout[1]. Specifically, the determination cir-
cuit 32 generates a remaining vibration signal based on the
detection signal Vout[1]. The determination circuit 32 com-
pares feature amounts such as a cycle and an amplitude of
the remaining vibration signal based on the detection signal
Vout[1] with reference feature amounts when an ejection
state 1s normal, so as to determine an ink ejection state in the
ejection portion D[1], and generates the determination infor-
mation STT1[i] indicating the determination result. Herein-
alter, the ¢jection portion D that 1s a target of an ejection
state determined by the determination circuit 32 may be
referred to as the determination target ejection portion D.
The determination circuit 32 1s an example of a “determi-
nation portion”.

Here, the remaining vibration signal based on the detec-
tion signal Vout[1] indicates a waveform of remaining vibra-
tion that 1s vibration remaining in the ejection portion D[i]
after the ejection portion D[1] 1s driven by the supply drive
signal Vin[1]. The number at the end of the reference sign of
the determination information STT1 corresponds to the
number at the end of the reference sign of the head unit HU1.
Therefore, for example, the determination information STT
indicating a determination result of an ik ejection state 1n
the ¢jection portion D included 1n the head unmit HU4 may
also be referred to as determination information STT4. The
determination information STT 1s an example of “determi-
nation result information”. The determination mformation
STT for the ejection portion D corresponding to the “first
gjection portion” among the 2M ejection portions D 1s an
example of “first determination information”, and the deter-
mination information STT for the ejection portion D corre-
sponding to the “second ejection portion” 1s an example of
“second determination information”.

In the present embodiment, a method of using the remain-
ing vibration signal 1s assumed as a method of determining
an 1nk ejection state in the ejection portion D. However, the
method of determining the ik ejection state in the ejection
portion D 1s not limited to the method using the remaining
vibration signal. For example, as a method of determiming,
the ejection state of the ink in the ejection portion D, a
method of detecting a temperature decrease occurring 1n the
ejection portion D when the ik 1s ejected normally may be
adopted. In this type of determination method, when a
change point at which a temperature decrease rate changes
after a certain time from the time at which a detected
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temperature reaches the maximum temperature appears, the
ink ejection state 1s determined as being normal, and, when
the change point does not appear, the ink ejection state 1s
determined as being abnormal. For example, as the method
of determining the 1nk ejection state in the ejection portion
D, there may be the use of a method of ejecting charged 1nk
from the ejection portion D toward a detection plate used to
detect the ink ejection state and detecting a current change
when the ink collides with the detection plate. For example,
as the method of determining the ink ejection state 1n the
ejection portion D, there may be the use of a method of
¢jecting charged ink from the ejection portion D toward an
ink reception portion, and detecting the presence or absence
of an mmduced current generated 1n a conductor portion when
the 1nk passes a side part of the conductor portion disposed
between the ejection portion D and the ink reception portion.

The transmission/reception circuit 34 combines, for
example, a data set DS1 including the determination infor-
mation STT1 output from the determination circuit 32 with
data sets DS2, DS3, and DS4 supplied to a terminal Tla of
the head unit HU1, and outputs the combined result to a
terminal TOa of the head unit HU1. The data set DS2 1s a
data set DS including the determination mformation STT?2
for the head unit HU2, the data set DS3 1s a data set DS
including the determination mnformation STT3 for the head
umt HU3, and the data set DS4 1s a data set DS including the
determination information STT4 for the head unit HU4.

The transmission/reception circuit 34 outputs, for
example, the data sets DS1, DS2, DS3, and DS4 supplied to
the terminal TIb of the head unit HU1 to the terminal TOb
of the head umit HU1. The transmission/reception circuit 34
1s an example of a “transmission portion”.

In the example 1llustrated in FIG. 1, the terminal TIa of the
head unit HU1 1s electrically coupled to the terminal TOa of
the head unit HU2. The terminal TOa of the head unit HU1
1s electrically coupled to the terminal TIb of the head unit
HU1 and the control unit 2. The terminal TOb of the head
umt HU1 1s electrically coupled to the terminal TIb of the
head unit HU2.

The terminal Tla of the head unit HU2 1s electrically
coupled to the terminal TOa of the head unit HU3, and the
terminal TOb of the head umit HU2 1s electrically coupled to
the terminal TIb of the head unit HU3. The terminal TIa of
the head unit HU3 1s electrically coupled to the terminal TOa
of the head unit HU4, and the terminal TOb of the head unit
HU3 1s electrically coupled to the terminal TIb of the head
umit HU4. In the example illustrated in FI1G. 1, the terminal
TIa and the terminal TOb of the head umit HU4 are not
coupled to the other head units HU. Next, a tflow of each data
set DS when the head units HU1, HU2, HU3, and HU4 are
coupled as illustrated 1n FIG. 1 will be described.

For example, in the head unit HU4, the transmission/
reception circuit 34 transmits the data set DS4 including the
determination information STT4 output from the determi-
nation circuit 32 to the terminal Tla of the head unmit HU3.
In the head unit HU3, the transmission/reception circuit 34
transmits the data set DS3 including the determination
information STT3 output from the determination circuit 32
and the data set DS4 supplied to the terminal Tla, to the
terminal TIa of the head unit HU2 1n an order of the data sets
DS3 and DS4.

In the head unit HU2, the transmission/reception circuit
34 transmits the data set DS2 including the determination
information STT2 output from the determination circuit 32
and the data sets DS3 and DS4 supplied to the terminal Tla,
to the terminal Tla of the head unit HU1 in an order of the
data sets DS2, DS3, and DS4.
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In the head unit HU1, the transmission/reception circuit
34 transmits the data set DS1 including the determination
information STT1 output from the determination circuit 32
and the data sets DS2, DS3, and DS4 supplied to the
terminal Tla, to the control unit 2 and the terminal TIb 1n an
order of the data sets DS1, DS2, DS3, and DS4.

In the head umt HU1, the transmission/reception circuit
34 transmits the data sets DS1, DS2, DS3, and DS4 supplied
to the terminal TIb, to the terminal TIb of the head unit HU?2
in the order of the data sets being supplied to the terminal
TIb. Similarly, in the head unit HU2, the transmission/
reception circuit 34 transmits the data sets DS1, DS2, DS3,
and DS4 supplied to the terminal TIb, to the terminal TIb of
the head unit HU3 1n the order of the data sets being supplied
to the terminal TIb. In the head unit HU3, the transmission/
reception circuit 34 transmits the data sets DS1, DS2, DS3,
and DS4 supplied to the terminal TIb, to the terminal TIb of
the head unit HU4 1n the order of the data sets being supplied
to the terminal TIb.

Consequently, the data set DS for each head umt HU 1s
supplied to the other head units HU and the control unit 2.
In other words, the determination information STT for each
head unit HU 1s supplied to the other head units HU and the
control unit 2.

FIG. 2 1s a perspective view illustrating an example of a
schematic internal structure of the ink jet printer 1. As
illustrated 1 FIG. 2, 1in the present embodiment, a case
where the 1k jet printer 1 1s a serial printer 1s assumed as an
example. Specifically, when a printing process 1s executed,
the 1nk jet printer 1 ¢jects 1ink from the ejection portions D
while transporting the recording paper P 1n a sub-scanning
direction and reciprocating the head module 3 1n a main
scanning direction intersecting the sub-scanning direction,
and thus forms dots corresponding to the printing data IMG
on the recording paper P.

Hereinafter, for convenience of description, the descrip-
tion will be made by using an X axis, a Y axis, and a Z axis
which are orthogonal to each other illustrated 1n FIG. 2 as
appropriate. The direction indicated by the arrow of the X
axis 1s referred to as a +X direction, and the direction
opposite to the +X direction 1s referred to as a —X direction.
Similarly, the direction indicated by the arrow of the Y axis
1s referred to as a +Y direction, and the direction opposite to
the +Y direction 1s referred to as a =Y direction. The
direction indicated by the arrow of the Z axis 1s referred to
as a +/ direction, and the direction opposite to the +7Z
direction 1s referred to as -7 direction. In the present
embodiment, the +X direction 1s set to the sub-scanning
direction, and the +Y direction and the -Y direction are set
to the main scanning directions.

As 1llustrated in FIG. 2, the ink jet printer 1 includes a
casing 100 and a carriage 120 that can be reciprocated 1n the
casing 100 in the +Y direction and the -Y direction and that
has the head module 3 mounted thereon. As described with
reference to FIG. 1, the ink jet printer 1 includes the
maintenance unit 6 and the transport unit 7.

When the printing process 1s performed, the transport unit
7 reciprocates the carriage 120 in the +Y direction and the
—-Y direction, and transports the recording paper P in the +X
direction, and thus changes a relative position of the record-
ing paper P with respect to the head module 3. Consequently,
the transport unit 7 enables the 1k to land onto the entire
recording paper P. For example, the transport unit 7 includes
a carriage guide shaft 760 that reciprocatively supports the
carriage 120 1n the +Y direction and the -Y direction, and a
timing belt 710 that 1s fixed to the carriage 120 and 1s driven
by the carriage transport mechanism 71. Consequently, the
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transport unit 7 can reciprocate the head module 3 together
with the carriage 120 i the +Y direction and the -Y
direction along the carriage guide shaft 760. The transport
umt 7 has a platen 750 that 1s provided 1n the -7 direction
with respect to the carriage 120, and a transport roller 730
that 1s rotated 1n response to driving of the medium transport
mechanism 72 to transport the recording paper P on the
platen 750 1n the +X direction.

The maintenance unit 6 includes a cap 610 that covers
cach head unit HU such that nozzles N of the ejection
portions D are sealed, and a discharged ink reception portion
620 that receives discharged ink when the ink 1n the ejection
portion D 1s discharged. The maintenance unit 6 has a wiper
that wipes ofl a foreign substance such as paper powder
adhering to the vicinity of the nozzle N of the ejection
portion D, and a tube pump that sucks ink, bubbles, and the
like 1n the ejection portion D, although not particularly
illustrated. The nozzle N will be described later in FIG. 3. In
the present embodiment, an aspect in which the cap 610 1s
attached to the casing 100 1s exemplified, but the present
disclosure 1s not limited to such an aspect, and the cap 610
may be attached to the carriage 120.

In the present embodiment, a case 1s assumed 1n which the
carriage 120 stores four 1nk cartridges 122 that respectively
correspond to ik with four colors such as cyan, magenta,
yellow, and black. FIG. 2 illustrates only an example, and
the ink cartridge 122 may be provided outside the carriage
120. Each ejection portion D 1s supplied with ink from any
one of the four ink cartridges 122. Each of the ejection
portions D may be {illed with the ink supplied from the 1nk
cartridge 122 and may ¢ject the ink filling the inside thereof
from the nozzle N. The ink cartridge 122 may be provided
outside the carriage 120.

Here, a description will be made of an outline of an
operation of the printing control portion 22 when the print-
ing process 1s executed. When the printing process 1is
executed, first, the printing control portion 22 stores the
printing data IMG supplied from the host computer into the
storage unit 5. Next, the printing control portion 22 gener-
ates a signal such as the printing signal SI for controlling the
head unit HU, and a signal such as the waveform designation
signal dCOM for controlling the drive signal generation unit
4, and a signal for controlling the transport unit 7 based on
various pieces ol data such as the printing data IMG stored
in the storage unit 5. The printing control portion 22 controls
the transport unit 7 to change a relative position of the
recording paper P with respect to the head module 3, and
also controls the drive signal generation unit 4 and the
switching circuit 30 such that the ejection portion D 1s
driven, based on various signals such as the printing signal
SI or various pieces of data stored in the storage unit 5.
Therefore, the printing control portion 22 controls each
constituent of the ik jet printer 1 to execute a printing
process of forming an 1mage corresponding to the printing
data IMG on the recording paper P by adjusting the presence
or absence of 1nk ejection from the ejection portion D, an 1nk
gjection amount, an ink ejection timing, and the like.

A configuration of the ik jet printer 1 1s not limited to the
examples 1llustrated i FIGS. 1 and 2. For example, the
number of head units HU may be two or three. Alternatively,
the number of head units HU may be five or more. The 1nk
jet printer 1 may be a line printer 1n which the plurality of
nozzles N are provided to extend larger than the width of the
recording paper P 1n the recording head HD.

FIG. 3 1s a plan view illustrating an example of an
arrangement of the nozzles N 1n the head module 3. FIG. 3
1s an explanatory diagram for describing an example of an
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arrangement of four recording heads HD and a total of 8M
nozzles N provided 1n the four recording heads HD 1n a plan
view of the ink jet printer 1 from the +7 direction. In FIG.
3, 1n order to differentiate the four recording heads HD from
each other, the same number as a number added to the end
of the reference sign of the head unit HU including the
recording head HD 1s added to the end of the reference sign

of the recording head HD. For example, the recording head
HD1 indicates the recording head HD included 1n the head

unit HU1.

Each of the four recording heads HD 1s provided with a
plurality of nozzle strings LN. Here, the nozzle string LN 1s
a plurality of nozzles N provided to extend 1n a row 1n a
predetermined direction. In the present embodiment, a case
1s assumed 1n which each nozzle string LN 1s configured by
arranging M nozzles N to extend in a row along the X axis.
Hereinaftter, the eight nozzle strings LN provided in the head
module 3 are also referred to as nozzle strings LNbkl,
LNcyl, LNmgl, LNyll, LNbk2, LNcy2, LNmg2, and
LNvyI12, respectively. Heremafiter, the nozzle N of the ¢jec-
tion portion D belonging to one nozzle string LN among the
plurality of nozzle strings LN may be simply referred to as
the ejection portion D belonging to one nozzle string LN. In
other words, the ejection portion D having the nozzles N
belonging to one nozzle string LN among the plurality of
nozzle strings LN may be referred to as the ejection portion
D belonging to one nozzle string LIN.

Here, the nozzle string LNbk1 of the recording head HD1
and the nozzle string LNbk2 of the recording head HD4 are
the nozzle strings LN 1n which the nozzles N of the ejection
portions D ejecting black ink are arranged and are the nozzle
strings LN that are paired with each other. The nozzle string
LNcyl of the recording head HD1 and the nozzle string
L.Ncy2 of the recording head HD4 are the nozzle strings LN
in which the nozzles N of the ejection portions D ejecting
cyan ink are arranged and are the nozzle strings LN that are
paired with each other. The nozzle string LNmgl of the
recording head HD2 and the nozzle string LNmg2 of the
recording head HD3 are the nozzle strings LN 1n which the
nozzles N of the ejection portions D ejecting magenta ink are
arranged and are the nozzle strings LN that are paired with
cach other. The nozzle string LNyl1 of the recording head
HID2 and the nozzle string LNyI12 of the recording head HD3
are the nozzle strings LN 1n which the nozzles N of the
ejection portions D ¢jecting yellow 1nk are arranged and are
the nozzle strings LN that are paired with each other.

In the present embodiment, as will be described with
reference to FIG. 4, i printing of each color, a resolution
twice as high as the resolution corresponding to one nozzle
string LN 1s achieved by using two nozzle strings LN that
are paired with each other.

The arrangement of the nozzles N in each recording head
HD 1s not limited to the example 1illustrated 1n FIG. 3. For
example, the number of nozzle strings LN provided in each
recording head HD may be one, or may be three or more.

FIG. 4 1s an explanatory diagram for describing the
normal printing process. FIG. 4 1llustrates an example of an
image printed on the recording paper P when ejection states
of the five gjection portions D[1] to D[3] belonging to the
nozzle string LNbk1 and ejection states of the five ejection
portions D[1] to D[5] belonging to the nozzle string L. Nbk2
are normal. In FIG. 4, a case 1s assumed 1n which an ink
ejection amount designated by the printing signal SI corre-
sponds to a medium dot. For example, when the ejection
states of a total of ten ejection portions D belonging to the
nozzle strings LNbk1 and LNbk2 are all normal, ink with an

ejection amount corresponding to the medium dot 1s ejected
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from the ten ejection portions D through the normal printing
process. Consequently, ten medium dots DT1 to DT10 are
formed on the recording paper P.

In the example illustrated in FIG. 4, the medium dots
DT2, DT4, DTeé, D18, and D110 corresponding to the five
¢jection portions D[1] to D[5] included 1n the head unit HU4
are formed on the same row as the row of the medium dots
DT1, D13, DTS, DT7, and DT9 corresponding to the five
ejection portions D[1] to DI[5] included in the head umnit
HU1. For example, the medium dots D12, DT4, DTé, D18,
and DT10 are formed to fill gaps between the medium dots
DT1, DT3, DTS5, DT7, and DT9. Consequently, in the
present embodiment, a resolution twice as high as that 1n a
case of forming the medium dots D11, DT3, D15, DT7, and
D19 on the recording paper P by using only the nozzle string
LNbk1 1s realized.

FIG. 5§ 1s an explanatory diagram for describing the
complementary printing process. In FIG. 5, a case 1s
assumed 1n which, among the five ejection portions D[1] to
D[5] of the head umit HU1 and the five ¢jection portions
D[1] to D[5] of the head unit HU4, an ink ejection state 1n
the ejection portion D[2] of the head umit HU1 1s determined
as being abnormal by the determination circuit 32. In this
case, the 1k jet printer 1 executes the complementary
printing process instead of the normal printing process.
Hereinatter, since the abnormal ejection occurs, the ejection
portion D required to be complemented by another ejection
portion D 1n a printing process may be referred to as an
abnormal ejection portion D1, and the ejection portion that
complements the abnormal ejection portion DI in the
complementary printing process may be referred to as a
complementing ejection portion Dq.

For example, i the complementary printing process
illustrated 1n FIG. 5, the ¢jection portion D[2] belonging to
the nozzle string LNbk1 1s the abnormal ejection portion DI,
In this case, complementing ejection portions Dq that
complement the abnormal ejection portion D1]2] employ the
ejection portion D[1] and the ejection portion D[2] that
belong to the nozzle string LNbk2 paired with the nozzle
string LNbk1 to which the abnormal ejection portion Di]2]
belongs and that correspond to dots DTqg2 and D'Tqg4 adja-
cent to a dot DT13 corresponding to abnormal ejection
portion D1] 2] in the normal printing process. In other words,
in the complementary printing process exemplified in FIG.
5, the e¢jection portions D corresponding to the dots DT
adjacent to the dot DT corresponding to the abnormal
gjection portion DI in the sub-scanning direction are
employed as the complementing ejection portions Dq.

In the complementary printing process, compared with
the normal printing process 1llustrated 1n FIG. 4, an amount
of ink ejected from the complementing ejection portions
Dq[1] and Dq[2] belonging to the nozzle string LNbk2 1is
increased, and the supply of the drive signal COM to the
abnormal ejection portion DI1]2] belonging to the nozzle
string LINbk1 1s stopped such that driving of the abnormal
ejection portion DI]2] 1s stopped. Consequently, in the
complementary printing process, for example, large dots
DTq2 and DTg4 are formed 1nstead of the medium dots DT2
and DT4 formed 1n the normal printing process. Thus, 1n the
complementary printing process, even when the dot DT3
fails to be formed and thus dot omission occurs, it 1s possible
to form the dot DT in an aspect similar to the plurality of
dots DT originally to be formed 1llustrated in FI1G. 4 and thus
to reduce the degree of deterioration 1n 1image quality due to
abnormal ejection.

In the present embodiment, complementary control for
increasing an amount of ink ejected from the complementing
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¢jection portion Dq in the complementary printing process
may be executed by the printing control portion 22 or each
head unit HU. For example, the printing control portion 22
may generate the printing signal SI based on the printing
data IMG and change the printing signal SI based on the
determination mformation STT. In other words, the printing
control portion 22 may generate the printing signal SI based
on the printing data IMG and the determination information
STT. For example, the printing control portion 22 may stop
the transmission of the printing signal SI to the head unit HU
based on the determination information STT. In other words,
the printing control portion 22 controls the plurality of
¢jection portions D based on the determination information
STT included 1n the data set DS received by the information
reception portion 24. The complementary control executed
in each head unit HU will be described later with reference
to FIG. 12 and the like.

In the complementary printing process illustrated in FIG.
5, a case has been described 1n which the abnormal ejection
portion DI belongs to the nozzle string LNbkl and the
complementing ejection portion Dq belongs to the nozzle
string LNbk2. However, the case 1s only an example, and the
abnormal ejection portion DI and the complementing ejec-
tion portion Dq may belong to nozzle strings LN other than
the nozzle strings LNbk1l and LNbk2.

In the complementary printing process 1llustrated in FIG.
5, two gjection portions D that belong to the nozzle string
LN ejecting the same color ink as the abnormal ejection
portion DI and correspond to two dots DT adjacent to the dot
DT corresponding to the abnormal ejection portion DI are
used as the complementing ejection portions Dq, but the
present disclosure 1s not limited to such an aspect. For
example, the number of the complementing ejection portion
Dqg may be one, and the complementing ejection portion Dq
may be the ejection portion D belonging to the nozzle string,
LN that ejects ink with a color different from a color of 1k
¢jected from the abnormal ejection portion DI.

In the present embodiment, as described above, the nozzle
string LN included 1n one of the two head units HU and the
nozzle string LN included in the other of the two head units
HU are paired with each other. Therefore, in the present
embodiment, the determination information STT for each
nozzle string LN 1s transmitted between the head umts HU
in order to execute the complementary control in each head
unit HU.

FIG. 6 1s an explanatory diagram for describing transmis-
sion of the determination information STT. In FIG. 6, a
description will be made of transmission of the determina-
tion mformation STT by exemplitying a case where the
pieces ol determination mformation STT1 and STT4 are
transmitted between the head units HU1 and HU4 that are
paired with each other. In FIG. 6, 1n an example, a case 1s
assumed 1in which the recording head HD 1s provided with
ten ejection portions D, that 1s, “2M=10"". In FIG. 6, a case
1s assumed in which abnormal ejection 1s determined as
occurring 1n the ejection portion D[2] of the recording head
HD1. In the example illustrated 1n FIG. 6, the determination
information STT for the ejection portion D 1n which abnor-
mal ejection 1s determined as occurring 1s set to “1”, and the
determination nformation STT for the normal ejection
portion D 1s set to “0”.

The ejection portions D[1] to D[5] of the recording head
HD1 belong to the nozzle string LNbk1, and the ¢jection
portions D[6] to D[10] of the recording head HD1 belong to
the nozzle string LNcyl. The ejection portions D[1] to D[5]
of the recording head HD4 belong to the nozzle string
LNbk2 paired with the nozzle string . Nbk1, and the e¢jection
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portions D[6] to D[10] of the recording head HD4 belongs
to the nozzle string LNcy2 paired with the nozzle string

LNcyl.

Pieces of determination information STT1[1] to STT1
[10] respectively indicating determination results of the 1nk
ejection states 1n the ejection portions D[1] to D[10] of the

recording head HD1 are stored in a first storage portion 340
of the head umit HU1. The data set DS1 including the

determination information STT1[1] to STT1[10] 1s trans-
mitted from the head unit HU1 to the head unit HU4.

The head unit HU4 stores the determination information
STT1[1] to STT1[10] included 1n the data set DS1 recerved

from the head unit HU1 into a second storage portion 345 of
the head umt HU4. Since the determination information
STT1[2] indicates “1”, the head unit HU4 specifies that the

ejection portion D[2] of the recording head HD1 1s in an
abnormal ejection state. Therefore, as described 1n FIG. 5,
the head unit HU4 uses, as the complementing ejection
portions Dq that complement the ejection portion D[2] of the
recording head HDI1, the ejection portion DJ[1] and the
ejection portion D[2] of the recording head HD4.

Pieces of determination information STT4[1] to STT4
[10] respectively indicating determination results of 1nk
ejection states 1n the ejection portions D[1] to D[10] of the
recording head HD4 are stored in the first storage portion
340 of the head unit HU4. The data set DS4 including the
determination information STT4[1] to STT4[10] 1s trans-
mitted from the head unit HU4 to the head umit HU1. The
head unit HU1 stores the determination information STT4
[1] to STT4[10] 1included 1n the data set DS4 recerved from
the head unit HU4 into the second storage portion 345 of the
head unmit HUL.

In FIG. 6, the head units HU2 and HU3 are not 1llustrated
for clarity, but, as described with reference to FIG. 1, in the
present embodiment, the data set DS1 1s transmitted from
the head unit HU1 to the head unit HU4 via the head units
HU2 and HU3. The data set DS4 1s transmitted from the
head unit HU4 to the head unit HU1 via the head units HU3
and HU2.

FIG. 7 1s a diagram 1llustrating an example of the data set
DS including the determination information STT. Although
the data set DS1 will be described with reference to FIG. 7,
the description also applies to the other data sets DS. In the
example illustrated 1n FIG. 7, the data set DS1 includes
recording head information INFhd1 1n addition to the deter-
mination mnformation STT1. The recording head information
INFhd1l may be, for example, information for causing the
head unit HU4 paired with the head unit HU1 to specity the
determination information STT1 included i the data set
DS1. For example, the recording head information INFhdl
may include number information indicating the number of
ejection portions D included in the recording head HD1. The
recording head information INFhdl may include arrange-
ment information indicating an arrangement of the ejection
portions D 1ncluded in the recording head HD1. The
arrangement information may include information indicat-
ing the arrangement order of the ¢jection portions D. The
recording head information INFhd1 may include color infor-
mation indicating a color of ik ejected from the nozzle
string LN included in the recording head HD1.

In a first pattern 1llustrated in FI1G. 7, the recording head
information INFhd1 is disposed to be transmitted before the
determination mnformation STT1. For example, the record-
ing head information INFhd1 is disposed at the head of the
data set DS1. In a second pattern, the determination infor-
mation STT1 1s disposed to be transmitted before the
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recording head information INFhdl. For example, the
recording head information INFhd1 1s disposed at the end of
the data set DS1.

A data configuration of the data set DS 1s not limited to the
example illustrated 1n FIG. 7. For example, when the record-
ing head mformation INFhd1 i1s disposed at the end of the
data set DS1, head mark information indicating the head of
the data set DS1 may be disposed at the head of the data set
DS1. Heremnafter, the recording head information INFhd
included 1n each of the data sets DS2 to DS4 may be referred
to by being given the same number as the number added to
the end of the reference sign of the data set DS including the
recording head information INFhd. For example, the record-
ing head information INFhd included in the data set DS4
may be referred to as recording head information INFhd4.
The recording head information INFhd 1s an example of
“ejection portion information”.

FIG. 8 1s a block diagram illustrating a configuration of
the head unit HU1. Configurations of the head units HU2,
HU3, and HU4 are the same as the configuration of the head
unit HU1. Therefore, description of the configurations of the
head units HU2, HU3, and HU4 will be omitted.

As described 1n FIG. 1, the head unit HU1 includes the
recording head HD, the switchung circuit 30, the determi-
nation circuit 32, and the transmission/reception circuit 34.
The head unit HU1 also includes a wiring LHa to which the
drive signal COMa 1s supplied from the drive signal gen-
cration unit 4, a wiring LHb to which the dnive signal COMb
1s supplied from the drive signal generation unit 4, a wiring
[LHs via which the detection signal Vout 1s supplied to the
determination circuit 32, and a power supply line LHd set to
a potential VBS. The power supply line LHd 1s coupled to
a lower electrode Zd of a piezoelectric element PZ included
in the ejection portion D.

The switching circuit 30 includes 2M switches Wa, 2M
switches Wb, 2M switches Ws, and a coupling state desig-
nation circuit 300 that designates a coupling state of each
switch W. As each switch W, for example, a transmission
gate can be used.

The printing signal SI, a latch signal LAT, a change signal
CH, a period designation signal Tsig, and a clock signal CL
are supplied to the coupling state designation circuit 300
from the printing control portion 22. The determination
information STT1[1] to STT1[2M] and the determination
information STT4[1] to STT4[2M] for the head unit HU4
paired with the head unit HU1 are supplied to the coupling
state designation circuit 300 from the transmission/reception
circuit 34. The coupling state designation circuit 300 gen-
crates coupling state designation signals Qa[1] to Qa[2M],
Qb[1] to Qb[2M], and Qs[1] to Qs[2M], and an inspection
target designation signals Qt[1] to Qt[2M], based on at least
some ol the printing signal SI, the latch signal LAT, the
change signal CH, the period designation signal Tsig, the
clock signal CL, the determination information STT1[1] to
STT1[2M], and the determination information STT4[1] to
STT4[2M].

The coupling state designation signal QQal1] 1s a signal for
designating ON and OFF of the switch Wa[i1]. The coupling
state designation signal (Qb[1] 1s a signal for designating ON
and OFF of the switch Wb|1]. The coupling state designation
signal (Js[1] 1s a signal for designating ON and OFF of the
switch WsJi1]. The mspection target designation signal Qt[1]
1s a signal indicating whether or not the ejection portion DJ[1]
1s an 1nspection target related to an ejection state, and 1is
supplied to the transmission/reception circuit 34.

The switch Wal1] switches electrical coupling and decou-
pling between the wiring . Ha and the upper electrode Zu[i]
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of the piezoelectric element PZ[1] included in the ejection
portion D[1] based on the coupling state designation signal
Qa[1]. Heremnatter, the upper electrode Zu[i1] of the piezo-
clectric element PZ[1] included 1n the ejection portion DJi1]
may be referred to as the upper electrode Zu[i1] of the
¢jection portion DJ[1]. For example, the switch Wal1] 1s
turned on when the coupling state designation signal Qa[i]
has a hugh level, and thus electrically couples the wiring LHa
to the upper electrode Zu[i1] of the eection portion D[i].
Consequently, the drive signal COMa supplied to the wiring
[LHa 1s supplied to the upper electrode Zu[1] of the ejection
portion DJ1] as the supply drive signal Vin[i1]. The switch
Wali] 1s turned ofl when the coupling state designation
signal QQa[1] has a low level, and thus electrically decouples
the wiring . Ha from the upper electrode Zu[1] of the ejection
portion D[1].

The switch Wb[1] switches electrical coupling and decou-
pling between the wiring LHb and the upper electrode Zu[i]
of the ejection portion DJ[1] based on the coupling state
designation signal Qb[i]. For example, the switch Wb[1] 1s
turned on when the coupling state designation signal Qb][i]
has a high level, and thus electrically couples the wiring
LHb to the upper electrode Zu[1] of the ejection portion DJ1].
Consequently, the drive signal COMb supplied to the wiring
LHb 1s supplied to the upper electrode Zu[1] of the ejection
portion DJ[1] as the supply drive signal Vin[1]. The switch
Whb[i] 1s turned ofl when the coupling state designation
signal Qb[1] has a low level, and thus electrically decouples
the wiring LHb from the upper electrode Zu[i] of the
ejection portion DJ[1].

The switch Ws[1] switches electrical coupling and decou-
pling between the wiring LHs and the upper electrode Zu[i]
of the ejection portion DJ[1] based on the coupling state
designation signal Qs[1]. For example, the switch Ws[1] 1s
turned on when the coupling state designation signal Qs[i]
has a high level, and thus electrically couples the wiring LLHs
to the upper electrode Zu[i1] of the egection portion D[i].
Consequently, the detection signal Vout[1] indicating a
potential of the upper electrode Zu[1] of the ejection portion
D[1] 1s supplied to the determination circuit 32 via the wiring
LHs. The switch Ws[1] 1s turned off when the coupling state
designation signal QQs[1] has a low level, and thus electrically
decouples the wiring LHs from the upper electrode Zu[1] of
the ejection portion DJi].

As described with reference to FIG. 1, the determination
circuit 32 generates the remaining vibration signal based on
the detection signal Vout[1] supplied via the wiring LHs. For
example, the determination circuit 32 shapes the detection
signal Vout[1] mnto a wavelform suitable for a process of
determining an ejection state by amplifying an amplitude of
the detection signal Vout[1] and removing a noise component
from the detection signal Vout[1]. Consequently, the remain-
ing vibration signal shaped into the waveform suitable for
the process of determining the ejection state 1s generated.
For example, the determination circuit 32 may be configured
to 1nclude a negative feedback amplifier amplifying the
detection signal Vout, a low-pass filter attenuating a high
frequency component of the detection signal Vout, and a
voltage follower generating a low-impedance remaiming
vibration signal by converting an impedance.

The determination circuit 32 determines an ink ejection
state 1n the ejection portion D[i1] based on the remaining
vibration signal obtained by shaping the detection signal
Vout[1], and generates the determination information STT1
[/] indicating the determination result. The determination
circuit 32 supplies the determination information STT1[i] to
the transmission/reception circuit 34.
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As described 1n FIG. 1, the transmission/reception circuit
34 combines the data set DS1 including the determination
information STT1 output from the determination circuit 32
with the data sets DS2, DS3, and DS4 supplied to the
terminal TIa of the head unit HU1, and outputs the combined
result to the terminal TOa of the head unit HU1. The
transmission/reception circuit 34 outputs, for example, the

data sets DS1, DS2, DS3, and DS4 supplied to the terminal
TIb of the head unit HU1 to the terminal TOb of the head
unit HU1.

FI1G. 9 15 a block diagram 1llustrating configurations of the
coupling state designation circuit 300 and the transmission/
reception circuit 34. First, the coupling state designation
circuit 300 will be described.

The coupling state designation circuit 300 includes an
input shift register 302, a complementing portion 304, a
latch portion 306, and a designation signal generation por-
tion 308. In FIG. 9, an outline of the input shift register 302,
the complementing portion 304, the latch portion 306, and
the designation signal generation portion 308 will be
described. Details of the input shift register 302 and the like
will be described with reference to FIG. 12.

The mput shift register 302 sequentially holds the indi-
vidual designation signals Sdi[1] to Sdi[2M] serially sup-
plied as the printing signal SI from the printing control
portion 22 according to the clock signal CL. Consequently,
the individual designation signals Sdi[1] to Sdi|2M] are held
in the mput shift register 302.

The complementing portion 304 generates the individual
designation signal Sdo[1] to Sdo[2M] based on the indi-
vidual designation signals Sdi[1] to Sdi1[2M], the determi-
nation mformation STT1[1] to STT1[2M], and the determi-
nation 1nformation STT4[1] to STT4[2M]. The
complementing portion 304 supplies the individual desig-
nation signals Sdo[1] to Sdo[2M] to the latch portion 306.
For example, when all ejection states for the ejection por-
tions D[1] to D[2M] of the head unit HU1 and the ejection
portions D[1] to D[2M] of the head unit HU4 are normal, the
individual designation signal Sdi[1] to Sdi[2M] are supplied
from the complementing portion 304 to the latch portion 306
as 1ndividual designation signals Sdo[1l] to Sdo[2M]. In
other words, the complementing portion 304 adjusts ink
¢jection amounts in the plurality of ejection portions D
based on the determination mformation STT1 and STT4.

The latch portion 306 latches the individual designation
signals Sdo[1] to Sdo[2M] supplied from the complement-
ing portion 304 at a timing at which the latch signal LAT
rises. The designation signal generation portion 308 gener-
ates the coupling state designation signals Qal1], Qb[i], and
Qs[1] and the mspection target designation signal Qt[1] based
on the imndividual designation signal Sdo[i], the latch signal
LAT, the change signal CH, and the period designation
signal Tsig.

The transmission/reception circuit 34 includes a first
storage portion 340, a first switch portion 341, a first shift
register 342, a second shift register 343, a second switch
portion 344, and a second storage portion 345. In FIG. 9,
outlines of the first storage portion 340, the first switch
portion 341, the first shift register 342, the second shiit
register 343, the second switch portion 344, and the second
storage portion 345 will be described. Details of the first
storage portion 340 and the like will be described with
reference to FIG. 13.

The first storage portion 340 stores, for example, the
determination information STT1[{] supplied from the deter-
mination circuit 32 based on the mspection target designa-
tion signal Qt[1]. For example, when ejection state mspec-
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tion for the ejection portions D[1] to D[2M] of the head unit
HU1 1s finished, the first switch portion 341 supplies the
determination information STT1[1] to STT1[2M] stored 1n
the first storage portion 340 to the first shift register 342. In
the example 1llustrated in FIG. 9, the first switch portion 341
determines a timing at which the determination information
STT1[1] to STT1[2M] 1s supplied to the first shiit register
342 based on the mspection target designation signals Qt[1]
to Qt[2M].

The first shiit register 342 sequentially outputs the deter-
mination mformation STT1[1] to STT1[2M] according to
the clock signal CL. Consequently, the data set DS1 includ-
ing the determination information STT1[1] to STT1[2M] 1s
supplied to the terminal TOa of the head unit HU1. The first
shift register 342 sequentially outputs the data sets DS2 to
DS4 serially supplied to the terminal Tla of the head unit
HU1 according to the clock signal CL. In other words, the
first shiit register 342 serially supplies the data sets DS1 to
DS4 to the terminal TOa of the head unit HU1 according to
the clock signal CL.

The second shift register 343 serially supplies the data
sets DS1 to DS4 senally supplied to the terminal TIb of the
head unit HU1, to the terminal TOb of the head unit HU1
according to the clock signal CL.

For example, the second switch portion 344 supplies the
determination information STT4[1] to STT4[|2M] 1ncluded

in the data set DS4 of the head unit HU4 paired with the head
umt HU1 to the second storage portion 343. In the example
illustrated 1n FIG. 9, the second switch portion 344 deter-
mines a timing at which the determination information
STT4[1] to STT4[2M] are supplied to the second storage
portion 345 based on the recording head information
INFhd4 included 1n the data set DS4 supplied to the second
shift register 343. The second storage portion 345 stores the
determination mformation STT4[1] to STT4[2M] supplied
from the second shift register 343 via the second switch
portion 344.

Configurations of the coupling state designation circuit
300 and the transmission/reception circuit 34 are not limited
to the example 1llustrated 1in FI1G. 9. For example, a signal for
designating a timing of supplying the determination infor-
mation STT1[1] to STT1[2M] to the first shift register 342
may be supplied from the printing control portion 22 or the
like to the first switch portion 341.

FIG. 10 1s a timing chart illustrating an example of an
operation of the 1nk jet printer 1. In the present embodiment,
when the 1k jet printer 1 executes the printing process, one
or a plurality of unit periods Tu are set as an operation period
of the ik jet printer 1. The 1nk jet printer 1 according to the
present embodiment may drive each ejection portion D in
order to perform the printing process in each unit period Tu.

The printing control portion 22 outputs the latch signal
LAT having a pulse PlsLL and the change signal CH having
a pulse PlsC. Consequently, the printing control portion 22
defines the unit period Tu as a period from rising of the pulse
PlsLL to rising of the next pulse PlsL. The printing control
portion 22 divides the unit period Tu into two control periods
Tul and Tu2 with the pulse PlsC.

The printing signal SI includes, for example, 2M 1ndi-
vidual designation signals Sdi[1] to Sdi[2M] respectively
corresponding to the 2M ejection portions D[1] to D[2M].
The individual designation signal Sdi[1] designates an aspect
of driving of the ejection portion D[1] in each unit period Tu
when the ik jet printer 1 executes the printing process.
When the complementary printing process 1s executed, an
aspect of driving of the ejection portion D[1] 1s designated by
the individual designation signal Sdi[1] and the individual
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designation signal Sdo[i] that 1s generated based on the
determination information STT.

The printing control portion 22 supplies the printing
signal SI including the individual designation signals Sdi[1]
to Sdi[2M] to the coupling state designation circuit 300 in
synchronization with the clock signal CL before each unit
period Tu in which the printing process 1s executed. The
coupling state designation circuit 300 generates the coupling
state designation signals Qal1], OQb[1] and Qs[1], and the
ispection target designation signal Qt[1] based on the indi-
vidual designation signal Sdi[1] in the unit period Tu.

In the present embodiment, a case 1s assumed 1n which the
ejection portion DJ[1] can form one of a large dot, a medium
dot smaller than the large dot, and a small dot smaller than
the medium dot 1n the unit period Tu. Hereinatter, an amount
of 1nk corresponding to a large dot may be referred to as a
large amount of 1k, an amount of 1k corresponding to a
medium dot may be referred to as a medium amount of 1nk,
and an amount of ink corresponding to a small dot may be
referred to as a small amount of 1nk.

For example, the individual designation signal Sdi[i]
designates one driving aspect among five driving aspects
such as ejection of a large amount of ik, ejection of a
medium amount of 1k, ejection of a small amount of 1nk,
non-ejection of ink, and driving that 1s a determination target
when an gjection state 1s determined 1n each unit period Tu
for the ejection portion DJ1]. In the present embodiment, 1n
an example, a case 1s assumed in which the individual
designation signal Sd[1] 1s a 3-bit digital signal. An example
of the relationship between the 3-bit digital signal of the

individual designation signal Sd[i1] and a designated content
1s 1llustrated m FIG. 11 described later.

As 1llustrated in FIG. 10, the drive signal generation unit
4 outputs the drive signal COMa having a waveform PX and
a wavelorm PY. The wavetorm PX 1s a wavelorm of the
drive signal COMa in the control period Tul, and the
wavelorm PY 1s a wavetorm of the drive signal COMa 1n the
control period Tu2.

In the present embodiment, the waveform PX and the
wavelform PY are set such that a potential difference
between the highest potential VHxX and the lowest potentlal
VLx of the wavetorm PX 1s larger than a potential difference
between the highest potential VHy and the lowest potential
VLy of the wavelform PY. Specifically, when the ejection
portion D[1] 1s driven by the drive signal COMa having the
wavelorm PX, the wavelorm PX 1s set such that a medium
amount ol 1k 1s ejected from the ejection portion DJ1].
When the ejection portion DJ1] 1s driven by the drive signal
COMa having the waveform PY, the wavelorm PY 1s set
such that a small amount of ink 15 ejected from the ejection
portion D[1]. The potentials at the start and the end of the
wavelorms PX and PY are set to a reference potential V0.

When the individual designation signal Sd[i1] designates
the ejection portion D[1] to form a large dot, the coupling
state designation circuit 300 sets the coupling state desig-
nation signal Qa[1] to a high level in the control periods Tul
and Tu2, and sets the coupling state designation signals
Qbl1] and Qs[1] to a low level 1n the unit period Tu. In this
case, the g¢jection portion DJ1] 1s driven by the drive signal
COMa having the wavetorm PX in the control period Tul to
¢ject a medium amount of ik, and 1s driven by the drive
signal COMa having the wavelorm PY 1n the control period
Tu2 to ¢ject a small amount of k. Consequently, the
ejection portion D[1] ejects a large amount of ik 1n total 1n
the unit period Tu, and thus a large dot 1s formed on the
recording paper P.
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When the individual designation signal Sd[1] designates
the ejection portion D[1] to form a medium dot, the coupling
state designation circuit 300 sets the coupling state desig-
nation signal Qa[1] to a high level i the control period Tul
and to a low level 1n the control period Tu2, and sets the
coupling state designation signals Qb[1] and Qs[1] to a low
level 1n the unit period Tu. In this case, the ejection portion
D[1] gjects a medium amount of ik 1n the unit period Tu,
and thus a medium dot 1s formed on the recording paper P.

When the imndividual designation signal Sd[1] designates
the ¢jection portion D[1] to form a small dot, the coupling
state designation circuit 300 sets the coupling state desig-
nation signal Qali] to a low level 1n the control period Tul
and to a high level 1n the control period Tu2, and sets the
coupling state designation signals QbJ[1] and Qs[1] to a low
level 1n the unit period Tu. In this case, the ejection portion
D[1] ejects a small amount of ink 1n the unit period Tu, and
thus a small dot 1s formed on the recording paper P.

When the mdividual designation signal Sd[1] designates
the ejection portion DJ1] to perform non-ejection of ink, the
coupling state designation circuit 300 sets the coupling state
designation signals Qa[i], Qb[1], and Qs[1] to a low level 1n
the unit period Tu. In this case, the ejection portion D[1] does
not eject ink and thus does not form dots on the recording
paper P 1n the unit period Tu.

The drive signal generation unit 4 outputs the drive signal
COMb having a waveform PS. The waveform PS 1s a
wavetorm of the drnive signal COMb 1n the unit period Tu.
In the present embodiment, the waveform PS 1s set such that
a potential difference between the highest potential VHs and
the lowest potential VLs of the wavetorm PS 1s smaller than
a potential diflerence between the highest potential VHy and
the lowest potential VLy of the wavetorm PY. Specifically,
when the drive signal COMb having the waveform PS 1s
supplied to the ejection portion D[1], the waveform PS 1s set
to drive the ejection portion D[1] such that ink 1s not ejected
from the ejection portion NU. Potentials at the start and the
end of the wavetorm PS are set to the reference potential V0.

The printing control portion 22 outputs the period desig-
nation signal Tsig having a pulse PlsT1 and a pulse PlsT2.
Consequently, the printing control portion 22 divides the
unit period Tu into a control period TSS1 from the start of
the pulse PIsL to the start of the pulse PlsT1, a control period
TSS2 from the start of the pulse PlsT1 to the start of the
pulse PlsT2, and a control period TSS3 from the start of the
pulse PlsT2 to the start of the next pulse PlsL.

When the mdividual designation signal Sd[1] designates
the ejection portion D[1] as the determination target ejection
portion D, the coupling state designation circuit 300 sets the
coupling state designation signal Qa[i1] to a low level 1n the
unmit period Tu, sets the coupling state designation signal
Qbl1] to a high level in the control periods TSS1 and TSS3
and to a low level 1n the control period TSS2, and sets the
coupling state designation signal Qs[1] to a low level 1n the
control periods TSS1 and TSS3 and to a high level 1n the
control period TSS2.

In this case, the determination target ejection portion D 1s
driven by the drive signal COMb having the wavetform PS
in the control period TSS1. Specifically, the piezoelectric
clement PZ included in the determination target ejection
portion D 1s displaced by the drive signal COMb having the
wavelorm PS 1n the control period TSS1. As a result,
vibration occurs 1n the determination target ejection portion
D. The wibration occurring in the control period TSS1
remains 1n the control period TSS2. In the control period
TSS2, the upper electrode Zu of the piezoelectric element
PZ included 1n the determination target ejection portion D
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changes a potential according to the remaining vibration
occurring in the determination target ejection portion D. In
other words, 1n the control period TSS2, the upper electrode
Zu of the piezoelectric element PZ included 1n the determi-
nation target ejection portion D indicates a potential corre-
sponding to an electromotive force of the piezoelectric
clement PZ caused by the remaining vibration occurring in
the determination target ejection portion D. The potential of
the upper electrode Zu may be detected as the detection
signal Vout in the control period TSS2.

FIG. 11 1s an explanatory diagram for describing genera-
tion of the coupling state designation signals Qal1], Qb[1],
and Qs[1] 1n the designation signal generation portion 308.
As described with reference to FIG. 10, the individual
designation signal Sdo[1] designates a driving aspect of the
¢jection portion DJ[1] by using three bits such as b1, b2, and
b3. In the present embodiment, among the bits b1, b2, and
b3, 1t 1s assumed that the bit b1 1s the most significant bit and
the bit b3 1s the least significant bit. When all ejection states
of the gection portions D[1] to D[2M] are normal, the
individual designation signal Sdo[1] 1s set to the same value
as that of the individual designation signal Sdi[1] included 1n
the printing signal SI.

The individual designation signal Sdo[i1] has a value
among a value (1, 1, 0) for designating formation of a large
dot, a value (1, 0, 0) for designating formation of a medium
dot, a value (0, 1, 0) for designating formation of a small dot,
a value (0, 0, 0) for designating non-ejection of ink, and a
value (1, 1, 1) for designating driving of the ejection portion
D that 1s a determination target. The designation signal
generation portion 308 sets the coupling state designation
signal Qal1] to a high level in the control periods Tul and
Tu2 when the individual designation signal Sdo[1] has the
value (1, 1, 0), and sets the coupling state designation signal
Qa[1] to a high level 1 the control period Tul when the
individual designation signal Sdo[1] has the value (1, 0, 0).
The designation signal generation portion 308 sets the
coupling state designation signal Qal1] to a high level 1n the
control period Tu2 when the individual designation signal
Sdo[1] has the value (0, 1, 0), and sets the coupling state
designation signal Qbl[s] to a high level 1n the control periods
TSS1 and TSS3 and sets the coupling state designation
signal Qs[1] to a high level 1n the control period TSS2 when
the individual designation signal Sdo[1] has the value (1, 1,
1). The designation signal generation portion 308 sets each
signal to a low level when the above conditions are not
satisfied.

FIG. 12 1s a diagram 1llustrating an example of a circuit
configuration of the coupling state designation circuit 300.
The coupling state designation circuit 300 illustrated 1n FIG.
12 1s an example of the coupling state designation circuit
300 of the head unit HU1. The coupling state designation
circuit 300 includes the mput shift register 302, the comple-
menting portion 304, the latch portion 306, and the desig-
nation signal generation portion 308, as described in FIG. 9.

The 1nput shift register 302 has, for example, 2ZM holding,
circuits FFs1 coupled 1n cascade. As the holding circuit FFsi,
for example, flip-flop circuits may be used.

Among the holding circuits FFsi[1] to FFsi[2M], the
holding circuits FFsi1[1] to FFs1[2M-1] sequentially transmit
the printing signal SI to the holding circuit FFsi 1n the
subsequent stage according to the clock signal CL. For
example, the 3-bit individual designation signal Sdi 1s seri-
ally supplied as the printing signal SI from the printing
control portion 22 to the first-stage holding circuit FFsi[1] 1n
synchronization with the clock signal CL. The holding
circuit FFs1[1] temporarily holds the 3-bit individual desig-
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nation signal Sdi and sequentially transmits the individual
designation signal Sdi to the holding circuit FFs1[2] in the
subsequent stage according to the clock signal CL. Simi-
larly, the holding circuits FFs1[2] to FFs1[2M-1] temporarily
hold the 3-bit individual designation signal Sdi transmitted
from the holding circuit FFs1 in the previous stage, and
sequentially transmit the individual designation signal Sdi to
the holding circuit FFsi1 1n the subsequent stage according to
the clock signal CL. The individual designation signal Sdi 1s
transmitted to the holding circuit FFs1[2M] 1n the final stage
such that the holding circuit FFsi[1] temporarily holds the
3-bit individual designation signal Sdifi].

The complementing portion 304 has 2M adder circuits
ADD, 2M logical sum circuits OR, 2M switches AS, and 2M
switches BS. The adder circuit ADDJ1] adds a result of

exclusive OR of the upper 2 bits of the individual designa-
tion signal Sdi[i1] to the 3-bit individual designation signal
Sdi[1] held 1n the holding circuit FFsi[1], and supplies a 3-bit
signal indicating the addition result to the switch AS[1].

The switch AS[1] supplies one of the 3-bit individual
designation signal Sdi[1] held in the holding circuit FFsi|1]
and the 3-bit signal supplied from the adder circuit ADDJ1]
to the switch BS[1] based on the signal supplied from the
logical sum circuit OR[1]. For example, the switch AS[1]
supplies the 3-bit signal supplied from the adder circuit
ADDI1] to the switch BS[1] when the signal supplied from
the logical sum circuit OR[1] indicates “1”. The switch AS[1]
supplies the 3-bit individual designation signal Sdi[1] to the
switch BS[1] when the signal supplied from the logical sum
circuit ORJ1] indicates “0.

The logical sum circuit OR[1] supplies a signal indicating,
a result of s logical sum of “0” and the determination
information STT4[1] to the switch AS[1]. Each logical sum
circuit OR[1] of the logical sum circuits OR|[2] to OR[2M]

supplies a signal indicating a result of a logical sum of the
determination information STT4[i-1] and the determination
information STT4[i] to the switch AS[1].

In other words, the signal supplied from the logical sum
circuit ORJ1] to the switch AS[1] corresponds to a comple-
mentary control signal for controlling whether or not an 1nk

gjection amount in the ejection portion DJ1] 1s increased
from an ink ejection amount defined by the individual
designation signal Sdi[1] based on the printing data IMG. For
example, when the determination information STT4[7] indi-
cates abnormal ejection, the signal supplied from the logical
sum circuit ORJ1] to the switch ASJ[1], that 1s, the comple-
mentary control signal indicates that an 1nk ejection amount
in the ejection portion DJ1] of the head unit HU1 1s increased
from an ink ejection amount defined by the individual
designation signal Sdi[i].

When the individual designation signal Sdi[1] designates
formation of a large dot, an 1nk ejection amount i the
ejection portion D[1] of the head unit HU1 1s not increased
from an ink ejection amount defined by the individual
designation signal Sdi[1]. In the example 1llustrated 1n FIG.
12, in a case where the individual designation signal Sdi[i1]
for the head unit HU1 designates non-ejection of ik even
when the determination information STT4[i/] 1indicates
abnormal ejection, an 1k ejection amount 1n the ejection
portion DJ[1] of the head unit HU1 is not increased from an
ink ejection amount defined by the individual designation
signal Sdi[1]. Even in a case where the individual designa-
tion signal Sdi[1] for the head unit HU1 designates non-
ejection of 1nk when the determination information STT4[{]
indicates abnormal ejection, an 1k ejection amount in the
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¢jection portion DJ1] of the head unit HU1 may be increased
from an ink ejection amount defined by the individual
designation signal Sdi[i].

The switch BS[1] supplies one of the 3-bit signal supplied
from the switch AS[1] and the signal indicating “0” to the
latch circuit LTsd[1] included in the latch portion 306 as a
3-bit 1ndividual designation signal Sdo[i] based on the
determination information STT1][/]

The latch portion 306 has 2M latch circuits L'Isd. The
latch circuit L'Tsd[1] latches the 3-bit individual designation
signal Sdo[1] supplied from the switch BS[1] at a timing
when the latch signal LAT rises. The latch circuit LTsd[1]
supplies the latched 3-bit individual designation signal Sdo
[1] to a decoder DCJ[1] and a logical product circuit ANDJ[1]
included 1n the designation signal generation portion 308.

The designation signal generation portion 308 has 2M
decoders DCs and 2M logical product circuits AND. The
decoder DCJ1] generates the coupling state designation
signals Qal1] and Qb[1] And Qs[1] based on the 3-bit indi-
vidual designation signal Sdo[i1], the latch signal LAT, the
change signal CH, and the period designation signal Tsig.
The logical product circuit ANDJ[1] generates the mspection
target designation signal Qt[1] by calculating a logical prod-
uct of the period designation signal Tsig and the 3-bit
individual designation signal Sdo[i].

Here, a circuit configuration of the coupling state desig-
nation circuit 300 of each of the head units HU2 to HU4 1s
the same as that of the coupling state designation circuit 300
of the head unit HU1 except for the determination informa-
tion STT supplied to the complementing portion 304. How-
ever, 1n the head units HU3 and HU4, “0” 1s supplied to the
logical sum circuit OR[2M] instead of the logical sum
circuit OR[1]. For example, 1n the head umt HU4, each
logical sum circuit OR|[1] of the logical sum circuits OR[1]
to OR[2M-1] supplies a signal indicating a result of a
logical sum of the determination information STT1[i] and
the determination information STTI1[i+1] to the switch
ASJ1], and the logical sum circuit OR[2M] supplies a signal
indicating a result of a logical sum of “0” and the determi-
nation mformation STT1[2M] to the switch AS[2M].

A circuit configuration of the coupling state designation
circuit 300 1s not limited to the example illustrated 1n FIG.
12. For example, when there 1s one complementing ejection
portion Dq for one abnormal ejection portion Di, the logical
sum circuits OR[1] to OR[2M] may be omitted. In this case,
for example, the determination information STT4[i] may be
supplied to the switch AS[1]. For example, when there 1s one
complementing ejection portion Dq for one abnormal ejec-
tion portion DI, the complementing portion 304 may include
a switch that alternately switches the determination infor-
mation STT4 supplied to the switch AS[i] between the
determination information STT14]i-1] and the determination
information STT4[i] mnstead of the logical sum circuit OR|1].

FIG. 13 1s a diagram 1illustrating an example of a circuit
configuration of the transmission/reception circuit 34. The
transmission/reception circuit 34 illustrated 1n FIG. 13 1s an
example of the transmission/reception circuit 34 of the head
unit HU1. As described with reference to FIG. 9, the
transmission/reception circuit 34 includes the first storage
portion 340, the first switch portion 341, the first shift
register 342, the second shiit register 343, the second switch
portion 344, and the second storage portion 345.

The first storage portion 340 has 2M latch circuits LT1.
The latch circuat LT1]i] latches the determination 1mnforma-
tion STT1 as the determination information STT1J[:] at the
timing when the inspection target designation signal Qt[i]
rises. The latch circuit LT1[i] supplies the latched determi-
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nation information STT1[i/] to the switch BS[1] of the
coupling state designation circuit 300. The latch circuit
L'T1][i] supplies the latched determination information STT1
[i] to the switch SW1]i] included 1n the first switch portion
341.

The first switch portion 341 has a first switch controller
SCT1 and 2M switches SW1. The first switch controller
SCT1 generates a switch control signal Lsig based on, for
example, the mspection target designation signals Qt[1] to
Qt[2M]. For example, the first switch controller SCT1 has
2M determination flags respectively corresponding to the
ispection target designation signals Qt[1] to Qt[2M], and,
whenever the mspection target designation signal Qt indi-
cating “1” 1s supplied, the determination flag corresponding
to the mspection target designation signal Qt 1s set to “17.
When all of the 2M determination tlags are set to “17°, the
first switch controller SCT1 sets the switch control signal
Lsig to a high level, and sets the switch control signal Lsig
to a low level after a predetermined time elapses from setting
of the switch control signal Lsig to the high level. For
example, the first switch controller SCT1 sets the switch
control signal Lsig to a low level before the data set DS2 1s
supplied to the holding circuit FF1[1] described later. The
first switch controller SCT1 resets the 2M determination
flags to “0” when all of the 2M determination flags are set
to “1”.

The switch SW1][i] 1s turned on when the switch control
signal Lsig has a high level, and supplies the determination
information STT1[:] supplied from the latch circuit LT1[/] to
the holding circuit FF1 included 1 in the first shift register 342.
The switch SW1[i] 1s turned off when the switch control
signal Lsig has a low level, and thus electrically decouples,
for example, the latch circuit LT1][i{] to the holding circuit
FF1[i].

The first shift register 342 includes, for example, “2M+0.”
holding circuits FF1 coupled in cascade. “a” 1s, for example,

Q. 18,
the number of holding circuits FF1 required to hold the
recording head mformation INFhd included 1n the data set
DS. In FIG. 13, the o holding circuits FF1 are 1llustrated as
holding circuits FFla. As the holding circuit FF1, for
example, a flip-flop circuit may be used.

The holding circuit FF1[7] holds the determination infor-
mation STT1[:] supplied from the switch SW1[i] before the
data set DS2 1s supplied to the holding circuit FF1[1]. The
transmission/reception circuit 34 holds the recording head
information INFhd1 in the holding circuit FF1a before the
data set DS2 1s supplied to the holding circuit FF1[1]. The
holding circuit FF1[{] and the holding circuit FF1a sequen-
tially transmait the held information to the holding circuit
FF1 1n the subsequent stage according to the clock signal
CL. The holding circuit FF1a 1n the final stage sequentially
transmits the information supplied from the previous-stage
holding circuit FF1 in synchronization with the clock signal
CL to the terminal TOa of the head unit HU1 according to
the clock signal CL. Consequently, the data set DS1 1s
supplied to the terminal TOa of the head unit HUL.

Here, the first shift registers 342 of the other head units
HU also operate similarly to the first shiit register 342 of the
head unit HU1. Therefore, the data sets DS2 to DS4 are
serially supplied from the transmission/reception circuit 34
of the head unit HU2 to the holding circuit FF1[1] of the
head unit HU1 1n synchronization with the clock signal CL.

The holding circuit FF1[1] temporarily holds the data sets
DS2 to DS4 supplied serially 1 synchronization with the
clock signal CL, and sequentially transmits the data sets DS2
to DS4 to the holding circuit FF1[2] in the subsequent stage
according to the clock signal CL. Similarly, the holding
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circuits FF1[2] to FF1[2M] and the holding circuit FFla
temporarily hold the information transmitted from the hold-
ing circuit FF1 1n the previous stage and sequentially
transmit the information to the holding circuit FF1 1n the
subsequent stage according to the clock signal CL. Conse-
quently, the data sets DS2 to DS4 are supplied to the
terminal TOa of the head unit HU1 after the data set DS1.

As described above, 1n the head unit HU1 according to the
present embodiment, transmission of the determination
information STT1 to the other head units HU 1s not executed
whenever determination for one ejection portion D among,
the ejection portions D[1] to D[2M] 1s finished but 1s
executed when determination for all of the ejection portions
D[1] to D|[2M] 1s finished.

Here, a predetermined process may be executed before
and after a determination process such that a transmission
process of transmitting the determination information STT1
to another head unit HU and the like and the determination
process of determining an ink ejection state in the ejection
portion D do not interfere with each other. In this case, the
number of times of execution of the predetermined process
increases as the number of times of execution of the trans-
mission process mncreases. As the number of times of execu-
tion of the predetermined process increases, the processing,
time required to transmit the determination information
STT1 for all the ejection portions D increases. In the present
embodiment, compared with a case where the determination
information ST'T1 1s transmitted to another head unit HU
whenever determination for one ejection portion D among
the ejection portions D[1] to D[2M] 1s finished, the number
of times of execution of the transmission process 1s can be
reduced, and thus 1t 1s possible to reduce the time required
for a series of processes for transmitting the determination
information STT1 for all of the ¢jection portions D.

The second shift register 343 has, for example, “2M+a”

holding circuits FF2 coupled in cascade. Here, “a” 1s, for

example, the number of holding circuits FF2 required to
hold the recording head information INFhd included in the

data set DS. In FIG. 13, the a holding circuits FF2 are
illustrated as the holding circuits FF2a. As the holding
circuit FF2, for example, a tlip-tflop circuit may be used.

The data sets DS1 to DS4 that are supplied to the terminal
TIb of the head unit HU1 1n synchronization with the clock
signal CL are serially supplied to the holding circuit FF2[1].
The holding circuit FF2[1] temporarnly holds the data sets
DS1 to DS4 senially supplied 1n synchronization with the
clock signal CL, and sequentially transmits the data sets DS1
to DS4 to the holding circuit FF2[2] 1n the subsequent stage
according to the clock signal CL. Similarly, the holding
circuits FF2[2] to FF2[2M] and the holding circuit FF2a
temporarily hold the information transmitted from the hold-
ing circuit FF2 1n the previous stage, and sequentially
transmit the mformation to the holding circuit FF2 in the
subsequent stage according to the clock signal CL. The
holding circuit FF2a 1n the final stage sequentially transmits
the information supplied from the holding circuit FF2 1n the
previous stage in synchronization with the clock signal CL,
to the terminal TOb of the head unit HU1 according to the
clock signal CL. Consequently, the data sets DS1 to DS4 are
supplied to the terminal TOa of the head unit HU1.

The second switch portion 344 has a second switch
controller SCT2 and 2M switches SW2. The second switch
controller SCT2 generates, for example, a switch control
signal PSEL based on the recording head information
INFhd4 included in the data set DS4. For example, the
second switch controller SC'T2 analyzes the recording head
information INFhd included in the data set DS supplied to
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the holding circuit FF2[1], and determines whether or not
the data set DS supplied to the holding circuit FF2[1] 1s the
data set DS4 for the head unit HU4 paired with the head unit
HUI.

When the data set DS4 1s supplied to the holding circuit
FEF2[1], the second switch controller SCT2 specifies a timing
at which the determination information STT4[1] to STT4
[2M] are held in the holding circuits FF2[1] to FF2[2M]
based on the recording head information INFhd4 included in
the data set DS4. For example, the second switch controller
SCT2 sets the switch control signal PSEL to a high level 1n
accordance with a timing at which the determination infor-
mation STT4][1] to STT4[2M] 1s transmitted from the hold-
ing circuits FF2[1] to FF2[2M] to the holding circuit FF2 1n
the subsequent stage. For example, the second switch con-
troller SCT2 sets the switch control signal PSEL to the high
level, and then sets the switch control signal PSEL to a low
level according to the clock signal CL.

The switch SW2Ji] 1s turned on when the switch control
signal PSEL has a high level, and thus supplies the deter-
mination information STT4[i] supplied from the holding
circuit FF2[i] to the latch circuit LT2[i] included 1n the
second storage portion 345. The switch SW2[i] 1s turned off
when the switch control signal PSEL has a low level, and
thus electrically decouples, for example, the latch circuit
['12[i] from the holding circuit FE2[{].

The second storage portion 343 has 2M latch circuits LT2.
The latch circuit LT2[i] latches the determination mforma-
tion STT4[i] supplied from the switch SW2[:i] at a timing
when the latch signal LAT rises. The latch circuit LT2[i]
supplies the latched determination information STT4[i] to
the complementing portion 304 of the coupling state desig-
nation circuit 300.

A circuit configuration of each of the transmission/recep-
tion circuits 34 of the head umits HU2 to HU4 1s the same as
that of the transmission/reception circuit 34 of the head umit
HUI.

A circuit configuration of the transmission/reception cir-
cuit 34 1s not limited to the example illustrated in FI1G. 13.
For example, the switch control signal Lsig may be supplied
from the printing control portion 22 or the like to the
switches SW1[1] to SW[2M]. In this case, the first switch
controller SCT1 may be omitted. For example, when the
data set DS does not include the recording head information
INFhd4, the holding circuit FF1a and the holding circuit
FF2a may be omitted. For example, the second storage
portion 345 may be provided in the coupling state designa-
tion circuit 300.

For example, the second storage portion 345 may be
omitted when the coupling state designation circuit 300 has
a storage portion that stores logical sum results from logical
sum circuits OR[1] to OR[2M].

As described above, 1n the present embodiment, the head
umit HU includes the plurality of ejection portions D, the
determination circuit 32 that determines an ink ejection state
ol each ejection portion D, and the transmission/reception
circuit 34 that transmits the determination information STT
indicating a determination result for each ejection portion D
from the determination circuit 32 and the recording head
information INF including information indicating the num-
ber of the plurality of ¢jection portions D to the control unit
2 as one data set DS. The control unit 2 includes the
information reception portion 24 that receives the data set
DS transmitted from the head unit HU, and the printing
control portion 22 that controls the plurality of ejection
portions D based on the data set DS received by the
information reception portion 24.
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In other words, 1n the present embodiment, the plurality of
determination mformation STT corresponding to the plural-
ity of ejection portions D and the recording head information
INF including the information indicating the number of the
plurality of ejection portions D are transmitted as one data
set DS from the head unit HU to the control unit 2. Thus, 1n

the present embodiment, compared with a case where the
determination information STT 1s transmitted to another
head unit HU whenever determination for one ejection
portion D among the plurality of ejection portions D 1s
finished, 1t 1s possible to suppress an increase 1n the time
required for the series of processes for transmitting the
determination information STT for all of the ejection por-
tions D due to the increase in the number of the ejection
portions D.

In the present embodiment, based on the plurality of
pieces of determination information STT included 1n one
data set DS, 1t 1s possible to determine whether or not an 1nk
ejection state of each ejection portion D of the head unit HU
corresponding to the data set DS 1s abnormal. In the present
embodiment, when cause iformation indicating a cause of
an abnormal ejection state 1s included in the determination
information ST'T, the cause of the abnormal ejection state
can be specified based on determination information
included 1n the data set DS. For example, in the present
embodiment, a cause of the abnormal ejection state can be
specified based on the cause information included in the
determination information STT and information for identi-
tying a plurality of causes of the abnormal ejection state.

In the present embodiment, when the recording head
information INF includes information indicating an arrange-
ment of the plurality of ejection portions D, 1t 1s possible to
casily specily the ejection portion D of which an 1nk ejection
state 1s abnormal based on the recording head information
INF and the determination information STT. In the present
embodiment, the printing signal that defines an ejection
amount of 1k ejected from each ejection portion D can be
changed according to an ejection state of each ejection
portion D specified by the plurality of determination infor-
mation STT included in the data set DS. In the present
embodiment, transmission of the printing signal SI to the
head unit HU can be stopped according to an ejection state
of each egjection portion D specified by the plurality of
determination information STT included 1n the data set DS.

In the present embodiment, the transmission/reception
circuit 34 has the first shift register 342 that sequentially
outputs a plurality of pieces of determination information
STT. Therefore, each head unit HU senally outputs the
plurality of pieces of determination information STT from
the first shift register 342, and can thus transmait the plurality
of pieces of determination mformation STT as one data set
DS to the other head units HU and the control unit 2.

Specifically, the first shift register 342 has a plurality of
latch circuits L'T1 coupled 1n cascade. For example, the first
shift register 342 outputs the plurality of pieces of determi-
nation information STT held 1n the plurality of latch circuits
LT1 as one data set DS from the latch circuit L'T1 1n the final
stage among the plurality of latch circuits LT1.

Therefore, 1n the present embodiment, the number of
wirings for transmitting the plurality of pieces of determi-
nation information STT between the head units HU and the
number of wirings for transmitting the plurality of pieces of
determination information STT from the head unit HU to the
control unit 2 can be reduced compared with a case of
outputting the plurality of pieces of determination informa-
tion STT 1n parallel.
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2. MODIFICATION EXAMPLES

Each of the above forms can be variously modified.
Specific modification aspects will be exemplified below.
Two or more aspects freely selected from the following
exemplifications may be combined with each other as appro-
priate within the scope in which the aspects are not contra-
dictory to each other. In the modification examples
described below, an element having the same operation or
function as that 1n the embodiment will be given the refer-
ence numeral used in the above description, and detailed
description thereol will be omitted as appropriate.

Modification Example 1

In the above-described embodiment, a description has
been made of an example of a case where the determination
circuit 32 determines the determination target ejection por-
tions D one by one, but the present disclosure 1s not limited
to such an aspect. For example, the determination circuit 32
may include a first determination portion that determines an
ink ejection state of one of the two different ejection portions
D and a second determination portion that determines an ink
ejection state of the other of the two ejection portions D. The
second determination portion may be operated in parallel
with the first determination portion.

For example, the first determination portion may deter-
mine an ink ejection state of the odd-numbered ejection
portion D, and the second determination portion may deter-
mine an ink ejection state of the even-numbered ejection
portion D. Alternatively, the first determination portion may
determine ink ejection states of the ejection portions D[1] to
D[M], and the second determination portion may determine
ink ejection states of the ejection portions D[M+1] to
D[2M].

When the determination circuit 32 includes the first
determination portion and the second determination portion,
for example, the wiring LHs 1llustrated in FIG. 8 includes a
wiring used to supply the detection signal Vout for the
¢jection portion D to be determined by the first determina-
tion portion to the first determination portion, and a wiring
used to supply the detection signal Vout for the ejection
portion D to be determined by the second determination
portion to the second determination portion. Similarly, the
wiring ifrom the determination circuit 32 to the first storage
portion 340 includes a wiring to which the determination
information STT for the ejection portion D determined by
the first determination portion 1s transmitted and a wiring to
which the determination information STT for the ejection
portion D determined by the second determination portion 1s
transmuitted.

The determination circuit 32 may have three or more
determination portions. Also 1n Modification Example 1, 1t
1s possible to achieve the same eflect as that of the above-
described embodiment. In Modification Example 1, since
the second determination portion can be operated 1n parallel
with the first determination portion, determination for the
plurality of ¢jection portions D can be efliciently performed.

Modification Example 2

In the embodiment and Modification Example 1 described
above, a description has been made of an example of a case
where the transmission/reception circuit 34 transmits the
data set DS output from the first shiit register 342 to the
control unit 2 and the like, but the present disclosure 1s not
limited to such an aspect. For example, as 1llustrated 1n FIG.
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14, the head unit HU may include a transmission/reception
circuit 35 including a first compression portion 348a com-
pressing the data set DS output from the first shift register
342 mstead of the transmission/reception circuit 34 1llus-
trated 1n FIG. 1.

FIG. 14 1s a block diagram 1illustrating a configuration of
the transmission/reception circuit 35 according to Modifi-
cation Example 2. The transmission/reception circuit 35 is
the same as the transmission/reception circuit 34 except that
a first diflerential reception portion 346qa, a first decoding
portion 347a, a first compression portion 348a, a first
differential transmission portion 349q, a second differential
reception portion 346b, a second decoding portion 3475, a
second compression portion 3485, and a second differential
transmission portion 3496 are added to the transmission/
reception circuit 34 illustrated in FIG. 9.

The first compression portion 348a compresses the data
sets DS1 to DS4 output from the first shift register 342 to
generate compressed data sets DScl to DScd. For example,
the first compression portion 348a¢ may compress the data
sets DS1 to DS4 through lossless compression. Specifically,
the first compression portion 348a¢ may compress the data
sets DS1 to DS4 through run-length compression or a
compression method such as Huflman coding.

The first differential transmission portion 349a generates
differential data signals DScdl to DScd4 by converting the
single-end compressed data sets DScl to DScd4 supplied
from the first compression portion 348a into differential
signals. The first differential transmission portion 349q
supplies the diflerential data signals DScdl to DScd4 to the
terminal TOa of the head unit HU1. For example, the first
differential transmission portion 349q transmits the difler-
ential data signals DScdl to DScd4 that are low voltage
differential signals to the terminal TOa of the head unit HU1.
Specifically, the first differential transmission portion 349q
transmits the differential data signals DScdl to DScd4 based
on the low voltage diflerential signaling (LVDS) standard.

The first differential reception portion 346a receives the
differential data signals DScd2 to DScd4 supplied to the
terminal Tla of the head unit HU1. For example, the first
differential reception portion 346a receives the diflerential
data signals DScd2 to DScd4 based on the LVDS standard.
The first differential reception portion 346a converts the
differential data signals DScd2 to DScd4 into single-end
compressed data sets DSc2 to DSc4.

The first decoding portion 347a restores the data sets DS2
to DS4 by decoding the single-end compressed data sets
DSc2 to DSc4 supplied from the first differential reception
portion 346a. The first decoding portion 347a supplies the
data sets DS2 to DS4 restored from the compressed data sets
DSc2 to DSc4 to the first shift register 342.

The second differential reception portion 3465 1s similar
to the first differential reception portion 3464, the second
decoding portion 3475 1s similar to the first decoding portion
3477a, and the second compression portion 3485 1s similar to
the first compression portion 348a. The second differential
transmission portion 3495 1s similar to the first differential
transmission portion 349a. Thus, detailed description of the
second differential reception portion 346bH, the second
decoding portion 347bH, the second compression portion
348b, and the second differential transmission portion 34956
1s omitted.

The second differential reception portion 3465 receives
the differential data signals DScd1 to DScd4 supplied to the
terminal TIb of the head unit HU1, and converts the differ-
ential data signals DScdl to DScd4 into single-end com-
pressed data sets DScl to DSc4.
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The second decoding portion 3475b restores the data sets
DS1 to DS4 by decoding the single-end compressed data
sets DScl to DScd4 supplied from the second differential
reception portion 34656. The second decoding portion 3475
supplies the data sets DS1 to DS4 restored from the com-
pressed data sets DScl to DSc4 to the second shift register
343.

The second compression portion 3485 compresses the
data sets DS1 to DS4 output from the second shift register
343 to generate compressed data sets DScl to DSc4. The
second compression portion 3485 1s another example of the
“encoding portion”.

The second differential transmission portion 3495 gener-
ates the differential data signals DScdl to DScd4 by con-
verting the single-end compressed data sets DScl to DSc4
supplied from the second compression portion 3485 1nto
differential signals. The second diflerential transmission
portion 349b supplies the diflerential data signals DScd1 to
DScd4 to the terminal TOb of the head unit HU1. The
second differential transmission portion 3495 1s another
example of the “differential transmission circuit”.

A configuration of the transmission/reception circuit 35
according to Modification Example 2 1s not limited to the
example illustrated 1n FIG. 14. For example, the first dii-
ferential reception portion 346qa, the first differential trans-
mission portion 349a, the second differential reception por-
tion 3465b, and the second differential transmission portion
34956 may be omitted. For example, the first decoding
portion 347a, the first compression portion 348a, the second
decoding portion 3475, and the second compression portion
3480 may be omitted.

Alternatively, among the first decoding portion 347a, the
first compression portion 348a, the second decoding portion
347b, and the second compression portion 3485, only the
first decoding portion 347a may be omitted. In this case, the
first compression portion 348a compresses the data set DS1
to generate the compressed data set DScl. The first com-
pression portion 348a does not perform a compression
process on the compressed data sets DSc2 to DSc4 supplied
from the first differential reception portion 346a via the first
shift register 342. In other words, the compressed data sets
DSc2 to DSc4 are supplied to the first differential transmis-
s1on portion 349q from the first differential reception portion
346a via the first shift register 342.

The first compression portion 348a may compress only
the determination information STT of the recording head
information INFhd and the determination information STT
included 1n the data set DS. In this case, the second decoding
portion 3475 may be included 1n the second switch portion
344, and thus the second compression portion 3485 may be
omitted. For example, when the compressed data set DSc4
1s supplied to the second shift register 343, the second
decoding portion 3475 of the head unit HU1 stores the data
set DS4 restored from the compressed data set DSc4 1nto the
second storage portion 345. In this case, the compressed data
sets DScl to DSc4 are supplied to the second differential
transmission portion 34956 from the second diflerential
reception portion 34656 via the second shiit register 343.

Also 1n Modification Example 2, 1t 1s possible to achieve
the same eflects as those of the above-described embodi-
ment and Modification Example 1. In Modification Example
2, since the data set DS 1s compressed, 1t 1s possible to
reduce an amount of the data set DS transmitted between the
head units HU or between the head umit HU and the control
unmt 2. Since the data set DS 1s compressed in a lossless
manner, when the compressed data set DSc 1s decoded, the
same mformation as the data set DS before compression can
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be obtained. Consequently, 1t 1s possible to accurately trans-
mit the determination information STT indicating the ejec-

tion portion D 1n an abnormal ejection state.

When the compressed data set DSc 1s transmitted as the
differential data signal DScd, it 1s possible to improve the
resistance to noise compared with a case where the single-
end compressed data set DSc 1s transmitted. Particularly,
when the differential data signal DScd 1s transmitted based
on the LVDS standard, the differential data signal DScd can
be stably transmaitted.

Modification Example 3

A description has been made of an example of a case
where the determination information STT 1s information
indicating whether or not an ink ejection state of the ejection
portion D 1s abnormal in the embodiment, Modification
Example 1, and Modification Example 2 described above,
but the present disclosure 1s not limited to thereto. For
example, as illustrated i FIG. 15, the determination infor-
mation STT may be information indicating any one of a
normal ejection state, an abnormal ejection state, and a
tailure 1n the ejection portion D. Alternatively, as 1llustrated
in FIG. 16, the determination information STT may be
information including cause information indicating a cause
ol an abnormal ejection state of the ejection portion D.

FIG. 15 1s an explanatory diagram for describing an
example of the determination information STT according to
Modification Example 3. In the example illustrated 1n FIG.
15, the determination information STT indicates a state of
the ejection portion D with 2 bits such as pieces of deter-
mination information STTa and STTb. For example, the
determination information STTa 1s set to “0” when an 1nk
¢jection state of the ejection portion D 1s normal, and 1s set
to “1” when an 1nk ejection state of the ejection portion D
1s not normal. In other words, the determination information
STTa 1s information indicating whether or not an ink ¢jec-
tion state of the ejection portion D 1s abnormal. The deter-
mination information STTb 1s set to “1” when 1t 1s deter-
mined that the ejection portion D fails, and 1s set to “0” when
it 1s determined that the ejection portion D does not fail. For
example, the determination circuit 32 may have a history of
the ejection portion D that has been determined as being in
abnormal e¢jection state, and determine that the ejection
portion D determined as being in the abnormal ejection state
faills even when a maintenance process 1s performed a
predetermined number of times or more by the maintenance
unit 6.

When 1n 1nk ejection state of the ejection portion D 1s
normal, a normal printing process 1s executed. When an 1nk
ejection state of the ejection portion D 1s normal, a comple-
mentary printing process and a maintenance process are
executed. When the ejection portion D fails, the comple-
mentary printing process 1s executed. When the ejection
portion D fails, the printing control portion 22 may stop
transmission of the printing signal SI to the head unit HU
based on the determination mnformation STT.

FIG. 16 1s an explanatory diagram for describing another
example of the determination information STT according to
Modification Example 3. In the example illustrated 1n FIG.
16, the determination information STT indicates a state of
the ejection portion D and a cause of an abnormal ejection
state of the ejection portion D with 5 bits such as pieces of
determination information STTa, STTb, STTc, STTd, and
STTe. For example, the determination information STTa 1s
set to “0” when an 1nk ejection state of the ejection portion
D 1s normal, and 1s set to “1” when an 1nk ejection state of

10

15

20

25

30

35

40

45

50

55

60

65

30

the ejection portion D 1s not normal. The determination
information STTb 1s set to ““1” when 1t 1s determined that the

gjection portion D fails, and 1s set to “0” when 1t 1s
determined that the ejection portion D does not fail. The
determination information STTc 1s set to “1” when the
abnormal ejection occurs due to inclusion of bubbles. The
determination information STTd 1s set to “1” when the
abnormal ejection occurs due to thickening of ink. The
determination information STTe 1s set to “1” when the
abnormal ejection occurs due to adhesion of a foreign
substance. In this case, the determination information ST Tc,
STTd, and STTe correspond to “cause mformation”.

In the example illustrated in FIG. 16, the determination
information ST'Ta may be omitted. In this case, the head unit
HU or the like may obtain information corresponding to the
determination mformation STTa from a result of a logical
sum of the pieces of determination mnformation ST'Th, STTc,
STTd, and STTe. The determination information STT may
indicate the five items such as normal, bubble, thickening,
adhesion, and failure illustrated 1n FIG. 16 with 3-bit data.
When the determination information STT includes cause
information indicating any one of a plurality of causes of the
abnormal ejection state of the ejection portion D, the data set
DS may include information for identifying the plurality of
causes. For example, the recording head information INFhd
may 1include information for identifying a plurality of
causes.

Specifically, the information for identifying the plurality
of causes 1s, for example, information indicating that the
cause ol abnormal ejection indicated by (ST'Ta, STTh, STk,
STTd, STTe)=(1, 0, 1, 0, 0) 1s inclusion of bubbles 1n the
determination information STT illustrated 1n FIG. 16. Also
in Modification Example 3, 1t 1s possible to achieve the same
cllects as those of the embodiment, Modification Example 1,
and Modification Example 2 described above.

Modification Example 4

In the embodiment and the modification examples from
the Modification Example 1 to Modification Example 3, a
description has been made of an example of a case where the
plurality of nozzles N belonging to the nozzle string LN are
arranged 1n one row, but the present disclosure 1s not limited
to such an aspect. For example, the plurality of nozzles N
belonging to the nozzle string LN may be arranged in two
rows as 1illustrated 1n FIG. 17.

FIG. 17 1s an explanatory diagram for describing an
arrangement ol the nozzles N according to Modification
Example 4. In FIG. 17, six patterns are illustrated as an
example of the arrangement of the plurality of nozzles N
belonging to the nozzle string LN.

In the example illustrated 1n FIG. 17, arrangement infor-
mation regarding a value “01” and arrangement information
regarding a value “02” indicate that the plurality of nozzles
N belonging to the nozzle string LN are arranged 1n one row.
The arrangement information regarding the value “01” indi-
cates that nozzle numbers are sequentially assigned from the
nozzle N located in the +X direction. The nozzle numbers
are, for example, numbers assigned to the nozzles N 1n order
to 1dentity the plurality of nozzles N. The arrangement
information regarding the value “02” indicates that the
nozzle numbers are sequentially assigned from the nozzle N
located in the —X direction.

Arrangement information regarding a value “03” and
arrangement information regarding a value “04” indicate
that the plurality of nozzles N belonging to the nozzle string
LN are arranged in two rows. The arrangement information
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regarding the value “03” indicates that the nozzle numbers
are sequentially assigned from the nozzles N belonging to
the row located in the -Y direction of the two rows. The
arrangement information regarding the value “04” indicates
that the nozzle numbers are alternately assigned to the
nozzles N belonging to the row located 1n the -Y direction
and the nozzles N belonging to the row located 1n the +Y
direction from the nozzles N located 1n the +X direction.

Arrangement information regarding a value “05” and
arrangement information regarding a value “06” indicate
that the plurality of nozzles N belonging to the nozzle string,
LN are arranged in zigzag. The zigzag arrangement indi-
cates, for example, that positions 1n the +Y direction of the
even-numbered nozzles N and the odd-numbered nozzles N
from the +X direction 1n FIG. 17 are different from each
other. The arrangement information regarding the value
“05” 1ndicates that the nozzle numbers are sequentially
assigned from the nozzle N belonging to the row located 1n
the —Y direction of the two rows. The arrangement infor-
mation regarding the value “06” indicates that the nozzle
numbers are alternately assigned to the nozzles N belonging,
to the row located i the -Y direction and the nozzles N
belonging to the row located in the +Y direction from the
nozzles N located 1n the +X direction.

Also 1n Modification Example 4, it 1s possible to achieve
the same etlects as those of the embodiment and the modi-
fication examples of the Modification Examples 1 to 3
described above.

Modification Example 5

In the embodiment and the modification examples from
Modification Example 1 to Modification Example 4
described above, a description has been made of an example
ol a case where the data set DS4 for the head unit HU4 1s
supplied to the head unit HU1 via the head units HU3 and
HU2, but the present disclosure 1s not limited to such an
aspect. For example, as illustrated in FIG. 18, the head
module 3 may have a path via which the data set DS4 for the
head unit HU4 1s supplied to the head unit HU1 without
passing through the head units HU3 and HU2.

FIG. 18 1s a block diagram illustrating an example of a
configuration of an ink jet printer 1A according to Modifi-
cation Example 5. The ik jet printer 1A 1illustrated 1n FIG.
18 1s the same as the 1nk jet printer 1 illustrated 1n FIG. 1
except for a coupling relationship among the four head units
HU.

In the example illustrated in FI1G. 18, the terminal TOb of
cach of the head umts HU1 to HU4 1s not coupled to other
head units HU.

The terminal TOa of the head unit HU1 1s electrically
coupled to the terminal TIb of the head unmit HU4 and the
control unit 2. The terminal TOa of the head unit HU2 1s
clectrically coupled to the terminal Tla of the head umit HU1
and the terminal TIb of the head unit HU3.

The terminal TOa of the head unit HU3 1s electrically
coupled to the terminals TIa and TIb of the head unit HU2.
The terminal TOa of the head umit HU4 1s electrically
coupled to the terminal Tla of the head unit HU3 and the
terminal TIb of the head unit HU1. Next, a description will
be made of a flow of each data set DS when the head units
HU1, HU2, HU3, and HU4 are coupled as illustrated 1in FIG.
18.

The flow of the data sets DS1 to DS4 supplied to the
control unit 2 1s the same as that in the ik jet printer 1
illustrated in FIG. 1. In other words, the head unit HU1
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transmits the data sets DS1 to DS4 to the control unit 2 1n
an order of the data sets DS1, DS2, DS3, and DS4.

The data set DS1 1s supplied from the terminal TOa of the
head unit HU1 to the terminal TIb of the head unit HU4
without passing through the head units HU2 and HU3. The
data set DS2 1s supplied from the terminal TOa of the head
unmit HU2 to the terminal TIb of the head unit HU3 without
passing through the head unit HU1. The data set DS3 1s
supplied from the terminal TOa of the head unit HU3 to the
terminal TIb of the head unit HU2 without passing through
the head unit HU1. The data set DS4 1s supplied from the
terminal TOa of the head unmit HU4 to the terminal TIb of the
head unit HU1 without passing through the head units HU3
and HU2.

In the example illustrated 1n FIG. 18, for example, the
second switch portion 344 and the second storage portion
345 1llustrated 1n FIG. 9 and the like may be omitted. In this
case, for example, 1n the head unit HU1, the supply of the
clock signal CL to the second shift register 343 may be
stopped after the determination information STT4[1] to
STT4[2M] 1s held 1n the second shift register 343. Also 1n
Modification Example 5, 1t 1s possible to achieve the same
cllects as those of the embodiment and the modification
examples of the Modification Examples 1 to 4 described
above. In Modification Example 3, since the data set DS
1111tlally supplied to the terminal TIb of each head unit HU
1s the data set DS for the paired head unit HU, the data set
DS for the paired head unit HU can be easily specified.

Modification Example 6

In the embodiment and the modification examples from
Modification Example 1 to Modification Example 3
described above, a description has been made of an example
of a case where, when determination for all of the 2M
ejection portions D included 1n the head umit HU 1s finished,
the determination information STT 1s transmitted to another
head umit HU, but the present disclosure 1s not limited to
such an aspect. For example, the transmission of the deter-
mination information STT to another head unit HU or the
like may be executed when determination for two or more
¢jection portions D among the ejection portions DJ[1] to
D[2M] 1s finished. Specifically, for example, the transmis-
sion of the determination information STT to another head
unmit HU or the like may be executed when determination for
M ejection portions D among the ejection portions D[1] to
D[2M] 1s finished.

Also 1n Modification Example 6, the plurality of pieces of
determination information STT are transmitted to another
head unit HU or the like as one data set DS. Therefore, also
in Modification Example 6, 1t 1s possible to achieve the same
cllects as those of the embodiment and the modification
examples from Modification Example 1 to Modification

Example 5 described above.

Modification Example 7

In the embodiment and the modification examples from
Modification Example 1 to Modification Example 6
described above, a description has been made of an example
ol a case where the head module 3 has a plurality of head
unmts HU, but the present disclosure 1s not limited to such an
aspect. For example, the number of head units HU included
in the head module 3 may be one. Also 1n this case, the
plurality of pieces of determination mmformation STT are
transmitted to the control unit 2 as one data set DS. There-

fore, also 1n Modification Example 7, compared with the
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case where the determination information STT 1s transmaitted
to the control unit 2 whenever determination for one ejection
portion D among the plurality of ejection portions D 1s
finished, 1t 1s possible to suppress an increase in the time
required for the series of processes for transmitting the
determination mformation STT for all of the ejection por-
tions D due to the increase in the number of the ejection
portions D.

Modification Example 8

In the embodiment and the modification examples from
Modification Example 1 to Modification Example 7
described above, a description has been made of an example
of a case where each head unit HU has the complementing
portion 304, but the present disclosure 1s not limited to such
an aspect. For example, the complementing portion 304, the
second shift register 343, the second switch portion 344, and
the second storage portion 345 may be omitted. In this case,
the first storage portion 340 may be omitted. When the first
storage portion 340 1s omitted, the supply of the clock signal
CL to the first shift register 342 may be stopped, for
example, until the determination mformation STT1[1] to
STT1[2M] 1s stored therein.

Also 1 Modification Example 8, a plurality of pieces of
determination information STT are transmitted to the control
unit 2 as one data set DS. Thus, also in Modification
Example 8, compared with a case where the determination
information STT 1s transmitted to the control unit 2 when-
ever determination for one ejection portion D among the
plurality of ejection portions D 1s finished, it 1s possible to
suppress an increase in the time required for the series of
processes for transmitting the determination information
STT for all of the ejection portions D due to the increase 1n
the number of the ¢jection portions D.

What 1s claimed 1s:

1. A head unit control device controlling a head unit
including a plurality of ejection portions that includes a first
ejection portion and a second ejection portion and a deter-
mination circuit that determines a liquid ejection state of the
first ejection portion and determines a liquid ejection state of
the second ejection portion, the head unit control device
comprising:

at least one processor constituting

a reception portion that receives, as one data set,
determination result information including first
determination information indicating a determina-
tion result of the liquid ejection state of the first
gjection portion from the determination circuit and
second determination information indicating a deter-
mination result of the liquid ejection state of the
second ejection portion from the determination cir-
cuit, and ejection portion information including
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¢jection portions included in the head unit, from the
head unit; and

an ejection control portion that controls the plurality of

gjection portions based on the one data set received

by the reception portion.
2. The head unit control device according to claim 1,

wherein
the first determination imnformation includes information
indicating whether or not the liquid ejection state of the
first ejection portion 1s abnormal.
3. The head unit control device according to claim 1,
wherein
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the first determination information includes cause infor-
mation indicating a cause of an abnormal liquid ejec-
tion state of the first ¢jection portion when the liquid
gjection state of the first ¢jection portion 1s abnormal.

4. The head unit control device according to claim 3,

wherein

the cause information indicates any one of a plurality of
causes of the abnormal liquid ejection state of the first
gjection portion, and

the one data set includes imnformation for identifying the
plurality of causes.

5. The head unit control device according to claim 1,

wherein

the ejection portion information includes information
indicating an arrangement of the plurality of ejection
portions.

6. The head unit control device according to claim 1,

wherein
the e¢jection control portion
generates a printing signal that defines an ejection
amount of a liquid ejected from the first ejection
portion and an ejection amount of the liquid ejected
from the second ejection portion based on image
information indicating an image to be formed on a
medium, and

changes the printing signal based on the determination
result information.

7. The head unit control device according to claim 6,

wherein

the ejection control portion stops transmission of the
printing signal to the head unit based on the determi-
nation result information.

8. A head unit controlled by a head unit control device, the

head unit comprising:

a plurality of ejection portions that includes a first ejection
portion and a second ejection portion;

a determination circuit that determines a liquid ejection
state of the first ejection portion and determines a liquid
¢jection state of the second ejection portion; and

a transmission circuit that transmits, as one data set,
determination result information including first deter-
mination iformation indicating a determination result
of the liquid ejection state of the first ejection portion
and second determination information indicating a
determination result of the liquid ejection state of the
second ejection portion, and ejection portion informa-
tion 1including information imndicating the number of the
plurality of ejection portions, to the head unit control
device.

9. A liqud ejection device comprising;

a head unit; and

a head umit control device that controls the head unait,

wherein

the head unit includes
a plurality of ejection portions that includes a first

ejection portion and a second ejection portion,

a determination circuit that determines a liquid ejection
state of the first ejection portion and determines a
liguid ejection state of the second ejection portion,
and

a transmission circuit that transmits, as one data set,
determination result information including first
determination information indicating a determina-
tion result of the liquid ejection state of the first
ejection portion and second determination informa-
tion indicating a determination result of the liquid
ejection state of the second ejection portion, and
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¢jection portion information including information
indicating the number of the plurality of ejection
portions, to the head unit control device, and
the head unit control device includes

a reception portion that receives the one data set 5
transmitted from the head unit, and

an ¢jection control portion that controls the plurality of
gjection portions based on the one data set received
by the reception portion.
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